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ABSTRACT 

We present a catalogue of 12.2-GHz methanol masers detected towards 6.7-GHz 
methanol masers observed in the unbiased Methanol Multibeam (MMB) survey in 
the longitude range 330° (through 360°) to 10°. This is the first portion of the cat- 
alogue which, when complete, will encompass all of the MMB detections. We report 
the detection of 184 12.2-GHz sources towards 400 6.7-GHz methanol maser targets, 
equating to a detection rate of 46 per cent. Of the 184 12.2-GHz detections, 117 are 
reported here for the first time. We draw attention to a number of 'special' sources, 
particularly those with emission at 12.2-GHz stronger than their 6.7-GHz counterpart 
and conclude that these unusual sources are not associated with a specific evolutionary 
stage. 
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1 INTRODUCTION 

The 6.7- and 12.2-GHz methanol maser transitions are two 
of the strongest detected towards star formation regions and 
both are known to tra ce an early evol utionary stage of high- 
1 mass star formation ((Ellingsen 2006). Complementary ob- 
servations of these two strong methanol maser transitions 
are especially useful in probing the physical conditions of 
the environments in whi ch they arise (see e.g. ICragg et al.l 
l200ll ; ISutton et alJlioulT ). as they are typi cally found to be 
co- sp atial to within a few milliarcseconds (|Moscadelli et ail 
2002). This is especiall y likely where the spectra at the two 
transitions are similar (N orris et al. Ill993l h 

ICragg. Sobolev &i Godfrey! (2005) showed, through 
maser modelling, that the physical conditions required to 
produce luminous class II methanol masers in the 6.7- and 
12.2-GHz transitions are similar. While there is a large 
amount of overlap in the conditions for the two transitions, 
they do not cover exactly the same regions of parameter 
space. Given that there are a large fraction of 6.7-GHz 
methanol mas ers devoid of 12.2-GHz methanol maser coun- 
terparts (e.g. ICaswell et al.|[l995l ; iBreen etHl l2010aT ). the 
physical conditions in these regions must be close to the 
point where the 12.2-GHz masers switch on or off. Due to 
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this, important insights can be gained if observations of the 
two transitions are made near-simultaneously. 

A number of previous searches for 12.2-GHz 
methanol maser emission have been targeted to- 
wards sites of known 6.7-GHz methanol masers (e.g. 



Gavlard. MacLeod fc van der Walt] Il994l; ICaswell et all 



119951 ; iBlaszkiewicz fc Kusl 12004 ; IBreen et al.ll2010al h These 
searches have had varying detection rates (between 19 
and 60 per cent), partially attributable to the varying 
sensitivities, but also due to the biases that had been 
introduced in the target source lists l|Breen et al.ll201lh . 

Methanol maser searches s uch a s those by 
iGavlard. MacLeod fc van der Wait] ll 19941); ICaswell et all 
( 19951 ); IBlaszkiewicz fc Kusi (|2004h ; IBreen et all (|2010al i 
have shown that the flux density of 12.2-GHz methanol 
maser emission is only rarely larger than the associated 
6.7-GHz methanol maser emission. This, coupled with the 
fact that there have been no serendipitous detections of 
12.2-GHz masers without a 6.7-GHz counterpart, means 
that it is unlikely that an unbiased Galactic survey would 
uncover many, if any, 12.2-GHz methanol maser sites that 
had no detectable 6.7 GHz methanol maser emission. Due 
to this, a complete sample of 12.2-GHz methanol masers 
can be gained by targeting a complete sample of 6.7-GHz 
methanol masers. Therefore, the 6.7-GHz methanol masers 
detected in the Methanol Multibeam (MMB) survey repre- 
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sent a unique opportunity to undertake a definitive search 
for 12.2-GHz masers within the Galactic plane. 

The MMB survey aims to search the entire Galac- 
tic pl ane for 6.7-GHz m ethanol masers within latitudes of 
±2° (jGreen et alj|200gh . The southern hemisphere compo- 
nent of the survey has rec ently been completed and is pro- 
ducing survey results (e.g . ICaswell et al.ll20icil ; iGreen et al.l 
l20ld ; ICaswell et alJlioill ). Since the 6.7-GHz transition of 
met hanol exclusively traces sites of hig h- mass star formation 
fe.g lMinier et al.ll2003l ; IXu et alj|200j ). the MMB survey is 
the most sensitive large survey yet undertaken for young 
high-mass stars forming within the Galactic Plane. 

We have targeted all of the southern MMB 6.7-GHz 
methanol masers for the presence of 12.2-GHz methanol 
maser counterparts. This 12.2-GHz search represents the 
largest, statistically robust sample of these sources; allow- 
ing us to address the role of the bia ses present in previous 
samples. Recently. iBreen et al.l (|201 lh presented a statistical 
analysis of the 12.2-GHz methanol maser properties associ- 
ated with MMB sources that lie south of declination -20° 
(Galactic longitudes ~254° (through 360°) to ~10°). Here 
we present the fir st portion of t he 12 .2-GHz catalogue used 
in the analysis of I Breen et all (|201ll ). covering a longitude 
range of 330° (throug h 360° ) to 10° . In a ddition to the data 
used in the analysis of I Breen et al.l (|201ll l we include a third 
epoch of data (2010 March). The presented longitude range 
is wholly included in the MMB catalogues released to dat e 
ICaswell et al.ll20ld ; IGreen et al.ll20ld ; [Caswell et al.ll201lh . 
The remaining 12.2-GHz sources that we have observed are 
to be published following the publication of the MMB tar- 
gets. In addition to offering a large catalogue of 12.2-GHz 
methanol masers, this publication allows us to draw atten- 
tion to specific sources that show intriguing properties. 



2 OBSERVATIONS AND DATA REDUCTION 

12.2-GHz methanol maser observations towards MMB 
sources in the longitude range 330° (through 360°) to 10° 
degrees were carried out over three sessions; 2008 June 20- 
25, 2008 December 5-10 and 2010 March 19-23. An effort 
was made to carry out these 12.2-GHz follow-up observa- 
tions as close as practicable to the final 6.7-GHz MMB 
methanol maser spectrum (which were mainly taken during 
2008 March and August and 2009 March). This is partic- 
ularly important given the intrinsically variable nature of 
masers and allows us to meaningfully compare the source 
properties. 

A detailed acco unt of the observin g strategy and pa- 
rameters is given in IBreen et al.l l|201ll ) and we give only 
a summary of the important specifications here. The 12.2- 
GHz observations were made with the Parkes 64-m radio 
telescope using the Ku-band receiver. This receiver detected 
two orthogonal linear polarisations and had typical system 
equivalent flux densities of 205 and 225 Jy for the respec- 
tive polarisations throughout the observations in 2008 June, 
and slightly higher at 220 and 240 Jy during 2008 Decem- 
ber and 2010 March. The Parkes multibeam correlator was 
configured to record 8192 channels over 16-MHz for each of 
the recorded linearly polarised signals. This configuration 
yielded a usable velocity coverage of ~290 km s _1 and a 
spectral resolution of 0.08 km s" 1 , after Hanning smoothing 



which was applied during the data processing. The Parkes 
radio telescope has rms pointing errors of ~10 arcsec and at 
12.2-GHz the telescope has a half power beam width of 1.9 
arcmin. Flux density calibration is with respect to observa- 
tions of PKS B1934-638, which has an assumed flux density 
of 1.825 Jy at 12178-MHz (|Saultll2003h . and were carried out 
daily. From these observations we are able to conclude that 
the system was extremely stable over each observing run 
(a period of several days) and we expect our flux density 
measurements to be accurate to ~10 per cent. 

Sources were observed at a fixed frequency of 
12178 MHz which alleviated the requirement for a unique 
reference spectrum to be obtained for each of the sources. 
Instead, all spectra collected were combined to form a much 
more sensitive reference bandpass made up of the median 
value of each of the spectral channels. This strategy allows 
for the most efficient usage of the observing time, as well 
as reducing the noise contribution from the reference to the 
quotient spectrum. However, this method caused the intro- 
duction of baseline ripples which we have removed during 
processing by subtracting a running median over 100 chan- 
nels from the baseline. This method works extremely well 
for narrow lines such as masers, except when there is multi- 
ple strong features over a channel range comparable to the 
width of the running median. We have inspected each of the 
spectra given in Fig. [T] and believe that there is only one 
maser spectrum that has been evidently been distorted by 
our reduction method. This source, G 9.621+0.196, shows 
strong emission over a large velocity, and has a peak flux 
density that is greater than the majority of sources. The 
distortion appears as small negative dips flanking the peak 
emission, appearing to mimic absorp tion (features that a re 
not present in the earlier spectrum of lCaswell et all l|l995h ). 
Comparison between the spectra of other strong sources we 
detect with those of ICaswell et all (1 19951 ) allows us to be 
confident that no other spectra have been distorted in this 
way, and therefore do not believe that this reduction arte- 
fact is responsible for any absorption features in any further 
sources (i.e. all other absorption features are real). We do, 
however, note that subtracting a running median greatly re- 
duces the chances of detecting absorption features since they 
are generally much broader and weaker, comparable to the 
width of the subtracted running median. Where absorption 
is detected, the amplitude of detected absorption features is 
likely to have been reduced. 

Each target was observed for at least 5 (but often 10 
or more) minutes over the three epochs. The majority of 
sources achieving no detection in 5 minutes during the 2008 
June observations were observed for a further 5 minutes in 
the 2008 December or 2010 March observations. The resul- 
tant 5-tJ detection limits, after the averaging of the two po- 
larisations, chiefly lie in the range 0.55 to 0.80 Jy, compa- 
rable to the 5-cr s ensitivity of the MMB survey (0.85 Jy; 
IGreen et all l2009l l Data were reduced using the ATNF 
Spectral Analysis Package (ASAP). Alignment of velocity 
channels was carried out during processing, and all pre- 
sented velocities are with respect to LSR. The adopted rest 
frequ ency was 12.178597 GHz (|Miirler. Menten fc Maderl 
|2004| ). Data from each epoch were first reduced individually 
and inspected for maser emission. Where multiple epochs of 
data were available, these epochs were subsequently aver- 
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aged and inspected for maser emission, allowing us to iden- 
tify additional weak sources. 

For one source, G 353.410-0.360, no usable data was 
obtained during a single observation (2008 Dec) made with 
the Parkes radio telescope. Instead, we present data taken 
with the University of Tasmania Hobart 26-m radio tele- 
scope (during 2010 December), made using a cryogenically 
cooled receiver that detects both left and right circularly po- 
larised signals and has a typical system equivalent flux den- 
sity of ~1200 Jy. The data were recorded using a 2-bit auto- 
correlation spectrometer configured to record 4096 channels 
per polarisation over a bandwidth of 8-MHz. This configura- 
tion yielded the same channel spacing and therefore spectral 
resolution as achieved in the Parkes observations. An inte- 
gration time of 5 minutes was used and a unique reference 
observation was made. Flux density calibration was simi- 
larly made with respect to PKS B1934-638 and we expect 
that the calibration is accurate to ~30 per cent. 



3 RESULTS 

Observations conducted with the Parkes radio telescope 
over three epochs resulted in the detection of 184 12.2-GHz 
methanol masers towards 400 6.7-GHz methanol masers de- 
tected in the MMB survey in the longitude range 330° 
(through 360°) to 10°. This equates to a detection rate of 
46 per cent over this longitude range. The 6.7-GHz target 
sources are listed in Table [T] A search of the literature in- 
dicates that 117 of the 184 12.2-GHz methanol masers that 
we detect are new discoveries. References to the 67 sources 
detected previously are given in Table [2] The observations 
targeted a total of 401 sources within the designated longi- 
tude range but G 338.925+0.634 has not been included in 
the detection statistics because its emission features could 
not be separated from nearby source G 338.926+0.634 and 
so we regard the two sources as one. 

Table [T] presents the characteristics of the targeted 6.7- 
GHz methanol masers and the results of the 12.2-GHz ob- 
servations. For some of the analysis undertaken we required 
the integrated flux density data for both the 6.7 and 12.2- 
GHz transitions. Th e former was not determined in the 
MMB survey paper s l|Caswell et alj|2010l ; iGreen et al.ll2010l; 
ICaswell et aHl201ll ) and we have extracted this information 
from the MMB 'MX' spectra. 'MX' refers to an observa- 
tional mode used in MMB follow-up observations whereby a 
sources was tracked, and the pointing centre cycled through 
each of the receiver's seven beams. For internal consistency 
we also independently determined the peak flux density and 
velocity range of the 6.7-GHz emission at the same time as 
extracting the integrated flux density measurement. There 
are only minor discrepancies between our values and those 
reported in the MMB catalogues and these have most likely 
arisen from using data from slightly different epochs. In ad- 
dition to the properties of the targets, this table also con- 
tains a summary of the 12.2-GHz methanol maser obser- 
vation results, noting either 'detection' or the 5-cr detection 
limits for non-detections. Where 12.2-GHz observations were 
completed during two or more epochs, the data-averaged 
rms noise is usually a factor of V2 or more better than those 
which are listed. 

Table [2] presents the characteristics of the 12.2-GHz 



sources that we detect. Given the luxury of knowing the ve- 
locity of the 6.7-GHz maser emission, we have been able to 
readily and reliably identify sources that are much weaker 
than the 5-<r detection limits. A number of weak sources 
can confidently been regarded as genuine at 3- to 4-er levels. 
The details presented in Table [2] follow the usual practice 
in column 1 where the Galactic longitude and latitude is 
used as a source name for each source (references to pre- 
vious 12.2-GHz observations are noted as superscripts after 
source names); columns 2 and 3 give the source right as- 
cension and declination; column 4 gives the epoch of the 
12.2-GHz observations that are referred to in columns 5 to 
8 which give the peak flux density (Jy), velocity of the 12.2- 
GHz peak (km s _1 ), velocity range (km s -1 ) and integrated 
flux density (Jy km s~ ), respectively. 

Spectra for each of the 12.2-GHz detections are pre- 
sented in Fig. [T] The epoch of the observation, either 2008 
June, 2008 December or 2010 March, is annotated in the 
top left hand corner of each of the spectra. For some weak 
sources, where observations were carried out over multiple 
epochs, the average of the spectra is presented and these 
are annotated with two or three observing dates in the top 
left hand corner of the spectrum. For one source (G 353.410- 
0.360) the presented observations were taken with the Ho- 
bart 26-m radio telescope and this spectrum is marked with 
'Hobart' preceding the epoch of observation. Spectra are pre- 
sented in order of Galactic longitude except for where ver- 
tical alignment of spectra corresponding to nearby sources 
was necessary to highlight where features of a source were 
also detected at nearby positions. 

The velocity range of the majority of spectra is 30 
km s _1 , usually centred on the velocity of the 6.7-GHz 
methanol maser peak emission. This method was chosen to 
give an immediate feeling for the basic structure of the two 
methanol maser transitions, in a number of cases showing 
that lone features detected at 12.2-GHz are associated with 
the 6.7-GHz peak emission. A velocity range of 30 km s _1 
allows the full velocity range of the 6.7-GHz methanol 
maser emission to be shown in the majority of cases. For 
some sources, the centre velocity of the spectra had to be 
changed from the 6.7-GHz peak velocity in order to contain 
the full extent of the 6.7-GHz emission. Sources that have 
been vertically aligned have been plotted on the same ve- 
locity axis for ease of comparison, and often resulted in the 
central velocity deviating from that of the 6.7-GHz maser 
peak. Sources not centred on the velocity of the 6.7-GHz 
peak are; G 335.060-0.427, G 337.613-0.060, G 340.785- 
0.096, G 348.703-1.043, G 350.340+0.141, G 351.417+0.645, 
G 351.417+0.646, G 351.445+0.660, G 352.083+0.167, 
G 352.111+0.176, G 0.647-0.055, G 0.657-0.041, G 0.667- 
0.034, G 2.536+0.198, G 8.683-0.368, G 9.619+0.193. 

Descriptions of specific sources of interest are presented 
in Section U and these are clearly marked with an '*' in 
Table □ 
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Table 1. Characteristics of the 6.7-GHz methanol maser targets as well as a brief description of the 12.2-GHz results. The full complement 
of 12.2-GHz source properties are listed in Table [2] Column 1 gives the Galactic longitude and latitude of each source and is used as 
an identifier (a '*' following the source name indicates those with notes in Section [4}; column 2 gives the peak flux density (Jy) of the 
6.7-GHz sources, derived from follow-up MX observations at the accurate 6.7-GHz position unless otherwise noted; columns 3 and 4 
give the peak velocity and velocity ranges (km s" 1 ) of the 6.7-GHz emission respectively (also derived from Parkes MX observations); 
column 5 gives the integrated flux density of the 6.7-GHz sources (Jy km s _1 ). A '-' in either of the detection limit columns (i.e. columns 
6, 8 or 10) indicates that no observations were made on the given epoch. The values listed in columns 6-11 are replaced with the word 
'detection' where 12.2-GHz emission is observed. A 'c' in column 5 (6.7-GHz integrated flux density) indicates that the 6.7-GHz source 
statistics were derived from the MMB data cube, rather than follow-up MX observations which means that while the flux density and 
velocity ranges are a good estimate they are not as reliable as that of other sources and secondly that no integrated flux density could 
be computed. The presence of 'conf in the columns showing the integrated flux density indicates that a value for this characteristic 
could not be extracted do to confusion from nearby sources. Columns 6-11 give the 5-cr 12.2-GHz methanol maser detection limits and 
observed velocity ranges for the 2008 June, 2008 December and 2010 March epochs respectively. The presence of a 't' in the place of any 
value indicates that an explanation is located in Section [4] 
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© 0000 RAS, MNRAS 000, 000-000 



12.2-GHz methanol maser catalogue: 330 to 10° longitude 



Table 1. - continued 



Methanol maser 6.7-GHz properties 12.2-GHz observations 



(Lb) 
(degrees) 


(Jv) 


Vp6.7 


Vrg.7 


■^6 7 


2008 June 
5-cr Vr 


2008 December 
5-ct Vr 


2010 March 
5-ct Vr 


G 333.126-0.440 


8.2 


-43.9 


-44.5,-42.4 


4.0 


<0.80 


-160,180 




<0.83 


-150,190 


G 333.128-0.440 


1.4 


-44.0 


-47.8,-45.4 


1.3 


<0.80 


-160,180 


• -200,140 


<0.82 


-150,190 


G 333.135-0.431* 


1.0 


-52.5 


-53.0,-52.0 


0.4 


<1.0 


-160,180 


<0.81 -200,140 


<1.0 


-150,190 


G 333.128-0.560 


8.7 


-52.7 


-60.9,-52.0 


14 


<0.70 


-160,180 


_ 


<0.81 


-150,190 


G 333.130-0.560 


24 


-56.7 


-64.4,-56.3 


15 


<0.70 


-160,180 


_ 


<0.82 


-150,190 


G 333.163-0.101 


9.8 


-95.1 


-95.8,-90.0 


5.4 






detection 






G 333.184-0.091 


7.4 


-81.9 


-91.4,-81.0 


7.0 






detection 






G 333.234-0.060 


0.7 


-85.3 


-87.0,-85.2 


0.3 


<0.75 


-160,180 


_ 


<0.80 


-150,190 


G 333.234-0.062 


1.3 


-91.8 


-92.5,-79.6 


2.2 


<0.75 


-160,180 


_ 


<0.80 


-150,190 


G 333.315+0.105 


178 


-41.3 


-51.4,-36.9 


41 


<0.70 


-160,180 


_ 


<0.81 


-150,190 


G 333.387+0.032 


3.5 


-73.8 


-74.2,-60.2 


3.9 


<0.70 


-160,180 


_ 


<0.78 


-150,190 


G 333.466-0.164 


30 


-42.2 


-50.9,-37.1 


35 


<0.75 


-160,180 


_ 


<0.79 


-150,190 


G 333.562-0.025 


33 


-35.3 


-43.9,-33.1 


56 






detection 






G 333.646+0.058* 


8.4 


-87.3 


-89.0,-80.8 


10 






detection 






G 333.683-0.437 


25 


-5.6 


-7.7,-0.4 


20 






detection 






G 333.761-0.226 


3.4 


-55.2 


-56.5,-51.3 


2.4 


<0.70 


-160,180 


_ 


<0.79 


-150,190 


G 333.851+0.527 


0.8 


-40.3 


-49.7,-40.1 


0.4 


<0.70 


-160,180 


_ 


<0.80 


-150,190 


G 333.900-0.099 


0.7 


-59.4 


-59.6,-56.6 


0.7 


<0.75 


-160,180 


_ 


<0.79 


-150,190 


G 333.931-0.135 


15 


-36.9 


-37.3,-36.3 


6.1 


<0.75 


-160,180 


_ 


<0.81 


-150,190 


G 334.138-0.023 


2.9 


-31.1 


-34.3,-30.5 


3.0 






detection 






G 334.307-0.079 


2.0 


-36.7 


-37.8,-33.0 


1.8 






detection 






G 334.635-0.015 


28 


-30.1 


-32.0,-27.0 


28 






detection 






G 334.933-0.307 


3.3 


-102.8 


-111.2,-100.8 


3.5 






detection 






G 334.935-0.098 


4.6 


-21.0 


-22.4,-16.8 


4.9 






detection 






G 335.060-0.427 


42 


-46.9 


-47.7,-25.8 


48 






detection 






G 335.426-0.240* 


66 


-50.5 


-53.5,-39.7 


22 






detection 






G 335.556-0.307* 


22 


-116.3 


-119.7,-110.6 


35 






detection 






G 335.585-0.285 


35 


-48.6 


-50.5,-43.5 


47 


<0.80 


-160,180 


<0.65 -200,140 






G 335.585-0.289 


51 


-51.3 


-56.5,-49.8 


39 






detection 






G 335.585-0.290 


29 


-47.5 


-48,-45 


c 


<0.85 


-160,180 


<0.65 -200,140 






G 335.726+0.191 


49 


-44.4 


-54.9,-43.3 


39 






detection 






G 335.789+0.174* 


166 


-47.5 


-56.5,-44.2 


378 






detection 






G 335.824-0.177 


0.9 


-26.1 


-26.2,-26.0 


0.2 






<0.55 -200,140 


<0.82 


-150,190 


G 336.018-0.827 


87 


-53.2 


-54.6,-39.1 


181 






detection 






G 336.358-0.137 


13 


-73.5 


-81.2,-70.9 


21 






detection 






G 336.409-0.257 


6.1 


-85.9 


-86.1,-83.9 


5.3 






<0.60 -200,140 


<0.81 


-150,190 


G 336.433-0.262 


24 


-93.0 


-95.8,-86.1 


42 






detection 






G 336.464-0.157 


0.7 


-85.8 


-86.3,-77.9 


0.6 






<0.55 -200,140 


<0.80 


-150,190 


G 336.496-0.271 


17 


-24.1 


-27.1,-19.1 


20 






detection 






G 336.526-0.156 


0.7 


-94.9 


-95.1,-88.2 


0.3 






<0.55 -200,140 


<0.78 


-150,190 


G 336.703-0.099 


3.2 


-35.6 


-37.3,-35.3 


0.8 


<0.75 


-160,180 


_ 


<0.80 


-150,190 


G 336.809+0.119 


5.5 


-84.4 


-85.9,-78.4 


11 


<0.75 


-160,180 


— 


<0.79 


-150,190 


G 336.822+0.028 


28 


-76.8 


-79.9,-74.2 


21 






detection 






G 336.825+0.139 


3.4 


-88.4 


-89.5,-86.8 


4.5 






detection 






G 336.830-0.375 


20 


-22.8 


-27.3,-17.4 


38 


<0.75 


-160,180 


<0.80 -200,140 






G 336.864+0.005* 


59 


-76.1 


-81.7,-72.9 


44.1 






detection 






G 336.881+0.008* 


2.1 


-68.1 


-70.3,-67.6 


2.1 


<1.5 


-160,180 


<1.5 -200,140 






G 336.916-0.024 


4.1 


-127.4 


-127.9,-114.2 


2.4 






detection 






G 336.941-0.156 


23 


-67.2 


-79.4,-62.3 


48 






detection 






G 336.957-0.225* 


1.6 


-68.0 


-85.4,-63.9 


2.9 






detection 






G 336.958-0.977 


0.8 


-49.3 


-50.5,-47.8 


0.5 


<0.75 


-160,180 


- 






G 336.983-0.183 


12 


-80.7 


-89.4,-78.5 


16 






detection 






G 336.994-0.027 


26 


-125.8 


-126.8,-115.3 


20 


<0.70 


-160,180 








G 337.052-0.226 


14 


-77.6 


-78.4,-74.9 


15 






detection 






G 337.097-0.929 


6.8 


-40.4 


-42.5,-37.4 


5.0 






detection 






G 337. 132-0.068* 


2 


-60.6 


-62.3,-59.5 


1.8 






detection 






G 337.153-0.395 


17 


-49.4 


-50.9,-47.8 


15 






detection 






G 337. 176-0.032 


4.5 


-64.8 


-74.8,-62.9 


7.0 






detection 






G 337.201+0.114 


7.2 


-57.5 


-64.5,-51.9 


23 






detection 






G 337.202-0.094* 


1.4 


-67.6 


-83.2,-65.9 


3.6 






detection 






G 337.258-0.101 


7.7 


-69.3 


-73.7,-63.6 


17 


<0.70 


-160,180 








G 337.263-0.070 


1.1 


-39.4 


-41.3,-39.1 


0.9 






<0.60 -200,140 






G 337.300-0.874 


2.2 


-87.4 


-97.5,-87.4 


4.3 


<0.70 


-160,180 
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6 S. L. Breen et al. 

Table 1. - continued 



Methanol maser 6.7-GHz properties 



(Lb) 
(degrees) 


S5 7 

(Jy) 


Vp5.7 


Vrg.7 




G 337.388-0.210 


23 


-56.2 


-67.0,-52.0 


43 


G 337.404-0.402 


77 


-39.6 


-43.3,-36.5 


76 


G 337.517-0.348 


0.7 


9.4 


9.2,9.8 


0.3 


G 337.613-0.060 


21 


-41.6 


-53.6,-38.0 


47 


G 337.632-0.079* 


14 


-56.9 


-63.2,-54.0 


19 


G 337.686+0.137 


0.7 


-75.1 


-75.4,-73.8 


0.5 


G 337.703-0.053* 


13 


-44.1 


-52,-43.2 


10 


G 337.705-0.053* 


170 


-54.6 


-58.1,-49 


236 


G 337.710+0.089 


3.3 


-72.6 


-78.7,-72.4 


1.5 


G 337.720+0.065 


0.7 


-63.9 


-69.9,-63.8 


0.4 


G 337.844-0.375 


5.8 


-38.6 


-42.2,-37.3 


3.4 


G 337.920-0.456 


32 


-37.8 


-40.7,-35.8 


27 


G 337.966-0.169 


9.3 


-59.4 


-67.0,-54.2 


16 


G 337.997+0.136 


6.0 


-32.3 


-35.0,-31.2 


2.6 


G 338.069+0.011 


2.6 


-39.9 


-40.3,-39.7 


1.3 


G 338.075+0.012* 


14 


-44 


-53.9,-42.8 


19 


G 338.075+0.009 


4.4 


-39.1 


-41.9,-35.6 


10 


G 338.140+0.178 


7.2 


-34.5 


-42.6,-33.7 


4.7 


G 338.160-0.064 


2.5 


-66.2 


-68.4,-62.2 


4.4 


G 338.280+0.542 


5.4 


-56.7 


-62.2,-56.5 


3.0 


G 338.287+0.120 


26 


-39.9 


-43.8,-35.7 


14 


G 338.325-0.409 


2.8 


-25.7 


-34.2,-25.0 


1.9 


G 338.388+0.162 


3.6 


-29.8 


-37.1,-26.2 


8.9 


G 338.392-0.403 


5.3 


-33.5 


-34.0,-32.6 


2.2 


G 338.396-0.007 


2.7 


-48.9 


-54.2,-44.5 


2.5 


G 338.432+0.058 


30 


-30.2 


-33.5,-22.5 


20 


G 338.461-0.245 


69 


-51.7 


-63.3,-48.7 


145 


G 338.472+0.289 


0.9 


-29.4 


-34.8,-29.2 


0.7 


G 338.497+0.207 


3.3 


-28.1 


-30.7,-27.9 


2.2 


G 338.561+0.218* 


38 


-39.1 


-43.8,-29.6 


87 


G 338.566+0.110 


2.7 


-74.7 


-78.5,-74.2 


2.0 


G 338.850+0.409 


1.6 


-55.7 


-59.6,-54.4 


1.4 


G 338.875-0.084 


19 


-41.3 


-42.2,-35.1 


13 


G 338.902+0.394 


1.7 


-26.0 


-35.4,-19.1 


3.4 


G 338.920+0.550 


76 


-61.3 


-67.8,-58.3 


68 


G 338.925+0.557 


5 


-62.4 


-66,-59 


conf 


G 338.925+0.634* 


65 


-60.8 


-68.5,-52.1 


t 


G 338.926+0.634* 


3.8 


-64.5 


-65.5,-59.5 


102 


G 338.935-0.062 


29 


-41.9 


-43.1,-41.2 


14 


G 339.053-0.315 


129 


-111.6 


-124.3,-110.1 


117 


G 339.064+0.152 


3.6 


-87.5 


-90.5,-82.3 


8.2 


G 339.204-0.018 


2.0 


-14.3 


-16.7,-11.6 


4.2 


G 339.282+0.136 


5.7 


-70.0 


-71.7,-68.4 


7.1 


G 339.294+0.139 


7.0 


-74.6 


-75.9,-66.2 


7.6 


G 339.476+0.185* 


7.2 


-87.6 


-98.1,-86.5 


5.7 


G 339.477+0.043 


2.7 


-9.5 


-20.5,-5.8 


2.5 


G 339.582-0.127 


13 


-30.4 


-31.6,-29.6 


11 


G 339.622-0.121* 


86 


-32.9 


-39.3,-31.6 


141 


G 339.681-1.208 


70 


-21.4 


-41.9,-20.7 


69 


G 339.682-1.207 


23 


-34.4 


-35.0,-33.0 


c 


G 339.762+0.054 


8.0 


-51.0 


-54.0,-49.5 


9.1 


G 339.884-1.259 


1510 


-38.7 


-45.0,-27.5 


2568 


G 339.909+0.240 


0.5 


-12.1 


-12.5,-11.9 


0.3 


G 339.949-0.539 


71 


-97.8 


-107.9,-89.5 


195 


G 339.980-0.538 


7.0 


-89.2 


-89.4,-89.0 


2.1 


G 339.986-0.425 


88 


-89.4 


-91.8,-86.2 


109 


G340.034-l.110 


6.8 


-27.5 


-28.8,-24.3 


3.4 


G 340.054-0.244 


48 


-59.4 


-62.6,-58.5 


39 


G 340.118-0.021 


1.2 


-123.3 


-123.8,-118.1 


0.8 


G 340.182-0.047 


3.1 


-131.1 


-132.1,-117.6 


3 


G 340.249-0.046 


12 


-126.3 


-135.3,-119.9 


19 


G 340.249-0.372 


0.7 


-51.2 


-51.5,-51.2 


0.2 


G 340.518-0.152 


7.3 


-48.2 


-50.2,-43.6 


6.4 



12.2-GHz observations 
2008 June 2008 December 2010 March 

5-cr Vr 5-<t Vr 5-<x Vr 



detection 
detection 
<0.55 -200,140 
detection 
detection 

<0.75 -160,180 <0.80 -200,140 
<0.80 -200,140 
detection 

<0.75 -160,180 <0.75 -200,140 
<0.75 -160,180 <0.75 -200,140 

detection 

detection 

detection 

<0.75 -160,180 <0.80 -200,140 
<0.80 -160,180 <0.80 -200,140 

detection 
<0.80 -200,140 
<0.70 -160,180 <0.80 -200,140 

detection 

<0.75 -160,180 <0.55 -200,140 
<0.75 -160,180 <0.55 -200,140 
<0.75 -160,180 <0.80 -200,140 
detection 

<0.70 -160,180 <0.80 -200,140 
<0.75 -160,180 <0.75 -200,140 
<0.75 -160,180 <0.80 -200,140 

detection 
<0.55 -200,140 
<0.55 -200,140 

detection 
<0.55 -200,140 
<0.55 -200,140 

detection 

detection 

detection 
<0.75 -200,140 

detection 

detection 

detection 

detection 

detection 
<0.55 -200,140 

detection 

<0.60 -200,140 <0.81 -150,190 
detection 

<0.55 -200,140 <0.81 -150,190 

detection 

detection 
<0.55 -200,140 
<0.55 -200,140 

detection 

detection 
<0.55 -200,140 

detection 
<0.55 -200,140 

detection 
<0.55 -200,140 

detection 

detection 
<0.55 -200,140 
<0.60 -200,140 
<0.60 -200,140 

detection 
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12.2-GHz methanol maser catalogue: 330 to 10° longitude 



Table 1. - continued 



Methanol maser 




6.7-GHz properties 






12.2-GHz observations 




(J, 6) 


S6.7 


Vpfj.7 


Vr6.7 


I 6 .7 


2008 June 


2008 December 


2010 March 


(degrees) 


(Jy) 








5-CT 


Vr 


5-ct Vr 


5-(T 


Vr 


G 340.543-0.162 


1.0 


-51.6 


-52.1,-51.4 


0.5 


_ 




<0.55 -200,140 


<0.78 


-150,190 


G 340.655-0.235 


1.2 


-21.6 


-21.7,-21.4 


0.3 


<0.75 


-160,180 


<0.80 -200,140 


_ 




G 340.785-0.096 


158 


-108.1 


-111.7,-84.7 


268 






detection 






G 340.970-1.022 


10 


-31.4 


-33.9,-19.7 


9.1 


<0.70 


-155,185 


<0.80 -200,140 


_ 




G 341.124-0.361 


1.6 


-37.2 


-43.7,-36.1 


1.3 


<0.70 


-155,185 


<0.75 -200,140 


_ 




G 341.218-0.212 


192 


-37.9 


-50.4,-35.1 


336 






detection 






G 341.238-0.270 


4.3 


-51.3 


-52.3,-49.3 


7.2 






detection 






G 341.276+0.062 


7.7 


-70.6 


-77.3,-70.0 


9.3 






detection 






G 341.367+0.336 


1.0 


-80.5 


-81.0,-79.8 


0.4 


<0.75 


-155,185 


<0.75 -200,140 


_ 




G 341.973+0.233 


1.4 


-11.9 


-12.4,-11.2 


1.0 


<0.70 


-155,185 


<0.55 -200,140 


_ 




G 341.990-0.103 


1.3 


-37.0 


-41.8,-36.8 


0.5 


<0.70 


-155,185 


<0.80 -200,140 


_ 




G 342.251+0.308 


1.9 


-122.7 


-123.8,-120.4 


2.3 


<0.70 


-155,185 


<0.70 -200,140 


_ 




G 342.338+0.305* 


0.9 


-112.1 


-112.5,-108.8 


1.4 






detection 






G 342.368+0.140 


3.5 


-7.2 


-15.4,1.0 


9.1 


<0.70 


-155,185 


— 






G 342.446-0.072* 


2.1 


-20.2 


-32.2,-14.3 


3.0 






detection 






G 342.484+0.183 


81 


-42.2 


-44.3,-38.4 


83 






detection 






G 342.954-0.019 


2.0 


-3.1 


-13.2,-2.1 


4.5 


<0.75 


-155,185 


_ 


<0.80 


-150,190 


G 343.354-0.067* 


18 


-117.7 


-133.1,-116.6 


13 






detection 






G 343.502-0.472 


13 


-39.0 


-4.03,-31.8 


9.3 






detection 






G 343.756-0.163 


5.1 


-30.8 


-32.4,-23.0 


4.2 


<0.50 


-155,185 


— 


_ 




G 343.929+0.125 


9.0 


14.5 


7.7,18.8 


16 






detection 






G 344.227-0.569 


90 


-19.7 


-32.1,-10.6 


128 






detection 






G 344.419+0.044 


2.3 


-64.9 


-65.0,-63.0 


1.5 


<0.75 


-155,185 


<1.45 -200,140 


_ 




G 344.421+0.045 


17 


-71.4 


-72.3,-70.6 


11 






detection 






G 344.581-0.024 


3.5 


1.5 


-4.5,5.8 


2.8 


<0.70 


-155,185 


— 


_ 




G 345.003-0.223 


236 


-23.1 


-24.9,-20.2 


227 






detection 






G 345.003-0.224 


84 


-26.1 


-32.7,-25 


120 






detection 






G 345.010+1.792* 


268 


-21 


-23.5,-16 


513 






detection 






G 345.012+1.797 


32 


-12 


-16,-10.1 


53 






detection 






G 345.131-0.174 


3.1 


-28.9 


-34.0,-28.6 


2.1 


<0.70 


-155,185 


— 


_ 




G 345.198-0.030 


2.5 


-0.5 


-3.8,0.8 


2.8 






detection 






G 345.205+0.317 


0.8 


-63.5 


-64.0,-60.4 


0.6 


<0.75 


-155,185 


— 


_ 




G 345.407-0.952 


2.0 


-14.2 


-15.0,-14.0 


1.5 


<0.80 


-155,185 


— 


_ 




G 345.424-0.951 


1.8 


-13.1 


-21.1,-6.9 


2.5 


<0.75 


-155,185 


_ 


_ 




G 345.441+0.205 


2.3 


0.9 


-12.3,1.3 


4.4 


<0.75 


-155,185 


— 


_ 




G 345.487+0.314 


2.8 


-22.0 


-23.0,-21.5 


2.6 


<0.75 ' 


-155,185 


— 


_ 




G 345.505+0.348 


300 


-17.8 


-24.2,-10.0 


733 






detection 






G 345.498+1.467 


1.2 


-14.2 


-14.4,-13.5 


0.7 


<0.75 


-155,185 


— 


<0.80 


-140,200 


G 345.576-0.225 


0.6 


-126.9 


-126.9,-126.6 


0.2 


<0.80 


-155,185 


— 


_ 




G 345.807-0.044 


1.0 


-1.6 


-2.6,-1.2 


0.9 






detection 






G 345.824+0.044 


3.2 


-10.3 


-11.8,-8.9 


1.7 


<0.70 


-155,185 


— 


<0.80 


-140,200 


G 345.949-0.268 


1.5 


-22.0 


-22.3,-21.7 


0.6 


<0.75 


-155,185 


<0.80 -200,140 


_ 




G 345.985-0.020 


5.7 


-83.2 


-84.3,-81.8 


4.4 


<0.70 


-155,185 


<0.80 -200,140 






G 346.036+0.048 


9.0 


-6.4 


-14.5,-4.3 


8.5 


<0.75 


-155,185 


<0.55 -200,140 


_ 




G 346.231+0.119 


1.5 


-95.0 


-96.6,-92.5 


1.6 


_ 




<0.55 -200,140 


_ 




G 346.480+0.221 


30 


-18.9 


-20.5,-13.7 


22 






detection 






G 346.481+0.132 


2.1 


-5.5 


-11.6,-4.3 


2.7 


<0.75 


-155,185 


<0.75 -200,140 


_ 




G 346.517+0.117 


0.8 


-11.0 


-11.2,-1.7 


0.9 


<0.70 


-155,185 


<0.75 -200,140 






G 346.522+0.085 


1.9 


5.7 


5.6,6.1 


0.6 


<0.70 


-155,185 


<0.55 -200,140 


_ 




G 347.230+0.016 


0.9 


-68.9 


-69.1,-68.7 


0.3 


<0.70 


-155,185 


<0.80 -200,140 


- 




G 347.583+0.213 


3.2 


-102.3 


-103.5,-94.4 


6.3 






detection 






G 347.628+0.149 


19 


-96.5 


-97.8,-91.7 


6.9 


<0.75 


-155,185 


<0.80 -200,140 






G 347.631+0.211 


5.8 


-91.9 


-93.4,-89.3 


5.4 


<0.70 


-155,185 


<0.75 -200,140 






G 347.817+0.018 


2.5 


-24.1 


-26.4,-23.0 


4.3 


<0.75 


-155,185 


<0.75 -200,140 






G 347.863+0.019* 


6.4 


-34.7 


-37.6,-28.1 


8.7 






detection 






G 347.902+0.052 


5.4 


-27.4 


-30.8,-26.6 


6.4 






detection 






G 348.027+0.106 


3.1 


-121.2 


-122.4,-114.6 


4.5 


<0.70 


-155,185 


<0.80 -200,140 






G 348.195+0.768 


4.5 


-0.8 


-2.1,-0.5 


1.9 






detection 






G 348.550-0.979* 


36 


-10 


-19,-7 


81 






detection 






G 348.550-0.979n* 


21 


-20 


-23,-14 


49 






detection 






G 348.579-0.920 


0.7 


-14.1 


-15.0,-13.4 


0.3 


<0.75 




<0.80 -200,140 






G 348.617-1.162 


48 


-11.4 


-21.4,-7.4 


77 






detection 






G 348.654+0.244 


0.8 


16.9 


16.5,17.1 


0.3 






<0.55 -200,140 


<0.81 


-140,200 
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Table 1. - continued 



Methanol maser 



6.7-GHz properties 



12.2-GHz observations 



(Lb) 


S(j 7 


Vp5.7 


Vrs.7 


■^6 7 


2008 June 


2008 December 


2010 March 


(degrees) 


(Jy) 








5-cr 


Vr 


5-cr Vr 


5-cr 


Vr 


G 348.723-0.078 


2.6 


11.5 


8.9,12.0 


3.5 






detection 






G 348.703-1.043 


65 


-3.5 


-17.5,-2.6 


213 






detection 






G 348.727-1.037 


83 


-7.4 


-12.1,-6.0 


149 






detection 






G 348.884+0.096 


12 


-74.5 


-77.1,-73.7 


17 






detection 






G 348.892-0.180 


2.7 


1.5 


1.3,1.7 


0.8 


_ 




<0.55 -200,140 


_ 




G 349.067-0.017 


2.3 


11.6 


4.6,15.8 


5.5 


_ 




<0.55 -200,140 


_ 




G 349.092+0.105 


33 


-76.5 


-77.9,-73.4 


22 


_ 




<0.60 -200,140 






G 349.092+0.106 


11 


-81.4 


-82.2,-78.1 


12 






detection 






G 349.151+0.021 


3.4 


14.5 


11.5,24.8 


1.6 


_ 




<0.60 -200,140 


_ 




G 349.579-0.679 


1.9 


-24.9 


-25.7,-24.0 


1.8 


_ 




<0.55 -200,140 






G 349.799+0.108* 


3.0 


-64.7 


-65.2,-57.3 


7.8 






detection 






G 349.884+0.231 


7.0 


16.2 


13.5,17.3 


7.6 


_ 




<0.55 -200,140 


_ 




G 350.011-1.342 


2.4 


-25.8 


-26.1,-25.3 


0.9 


_ 




<0.60 -200,140 






G 350.015+0.433 


7.2 


-30.3 


-36.3,-28.7 


7.8 


_ 




<0.55 -200,140 






G 350.104+0.084 


12 


-68 


-68.9,-67.6 


6.0 


_ 




<0.75 -200,140 


- 


-140,200 


G 350.105+0.083* 


14 


-74 


-79.3,-60.3 


58 






detection 






G 350.116+0.084 


13 


-68 


-68.9,-67.0 


7.8 


_ 




<0.60 -200,140 


<0.83 


-140,200 


G 350.116+0.220 


2.8 


4.2 


3.5,7.4 


1.2 






detection 






G 350.189+0.003 


1.1 


-62.5 


-64.4,-62.2 


0.4 


_ 




<0.60 -200,140 


_ 




G 350.299+0.122 


31 


-62.1 


-69.1,-60.2 


39 






detection 






G 350.340+0.141 


2.3 


-58.3 


-59.4,-57.1 


1.2 






detection 






G 350.344+0.116 


21 


-65.4 


-66.1,-55.5 


21 






detection 






G 350.356-0.068 


1.4 


-67.6 


-69.3,-66.2 


1.2 


_ 




<0.60 -200,140 


_ 




G 350.470+0.029 


1.4 


-6.3 


-11.8,-5.9 


1.1 






detection 






G 350.520-0.350 


1.7 


-24.6 


-24.8,-13.8 


0.9 


_ 




<0.55 -200,140 


_ 




G 350.686-0.491 


18 


-13.7 


-14.9,-13.6 


11 






detection 






G 350.776+0.138 


0.6 


38.7 


33.5,42.5 


0.5 


_ 




<0.60 -200,140 


_ 




G 351.161+0.697 


17 


-5.2 


-12.2,-2.2 


12 


_ 




<0.75 -200,140 


<0.80 


-140,200 


G 351.242+0.670 


0.8 


2.4 


2.3,2.7 


0.2 


_ 




<0.80 -200,140 


_ 




G 351.251+0.652 


1.0 


-7.1 


-10.6,-7.0 


0.4 


_ 




<0.65 -200,140 


_ 




G 351.382-0.181 


20 


-59.7 


-68.4,-58.7 


10 






detection 






G 351.417+0.645* 


3423 


-10.4 


-12.1,-6.1 


2932 






detection 






G 351.417+0.646* 


t 


-11.2 


-12,-7 








detection 






G 351.445+0.660* 


t 


-9.2 


-14,1 








detection 






G 351.581-0.353 


47 


-94.2 


-100.4,-87.0 


50 


<0.75 


-150,190 


<0.80 -200,140 


_ 




G 351.611+0.172* 


4 


-43.6 


-46.1,-31.8 


12 






detection 






G 351.688+0.171 


41 


-36.1 


-47.6,-35.3 


56 






detection 






G 351.775-0.536 


231 


-1.3 


-3.6,2.6 


206 






detection 






G 352.083+0.167 


6.8 


-66.1 


-67.0,-63.8 


4.1 






detection 






G 352.111+0.176 


7.5 


-54.8 


-60.9,-49.4 


11 






detection 






G 352.133-0.944 


16 


-7.7 


-18.5,-5.3 


30 


<0.75 


-150,190 


<0.80 -200,140 


<0.80 


-140,200 


G 352.517-0.155 


9.7 


-51.2 


-52.3,-48.4 


11 


<0.70 


-150,190 


<0.80 -200,140 


_ 




G 352.525-0.158 


0.6 


-53.0 


-55.4,-52.5 


0.4 


<0.75 


-150,190 


<0.80 -200,140 


_ 




G 352.584-0.185 


6.4 


-85.7 


-94.7,-78.4 


5.3 


<0.75 


-150,190 


<0.80 -200,140 


_ 




G 352.604-0.225 


3.3 


-81.7 


-84.9,-79.4 


2.9 


<0.75 


-150,190 


<0.80 -200,140 


_ 




G 352.624-1.077 


18 


-5.9 


-1.9,-6.9 


15 


<0.75 


-150,190 


<0.80 -200,140 


_ 




G 352.630-1.067 


184 


-2.9 


-7.5,-2.1 


101 


<0.75 


-150,190 


<0.80 -200,140 


_ 




G 352.855-0.201 


1.3 


-51.3 


-53.5,-50.0 


1.4 


<0.75 


-150,190 


<0.80 -200,140 


_ 




G 353.216-0.249 


0.6 


-10.7 


-23.1,-10.4 


0.5 


<0.75 


-150,190 


<0.80 -200,140 


_ 




G 353.273+0.641 


8.3 


-4.4 


-6.4,-2.8 


7.8 


<0.75 


-150,190 


<0.80 -200,140 


- 




G 353.363-0.166 


2.8 


-79.0 


-80.7,-77.2 


0.9 


<0.70 


-150,190 


<0.80 -200,140 






G 353.370-0.091 


1.4 


-44.7 


-61.9,-41.3 


2.4 






detection 






G 353.378+0.438 


1.0 


-15.7 


-16.2,-14.4 


1.2 


<0.75 


-150,190 


<0.55 -200,140 


<0.80 


-140,200 


G 353.410-0.360* 


115 


-20.3 


-22.5,-18.6 


106 






detection 






G 353.429-0.090 


13 


-61.8 


-65.6,-45.5 


16 


<0.75 


-150,190 


<0.80 -200,140 






G 353.464+0.562 


12 


-50.3 


-52.3,-49.6 


9.6 


<0.70 


-150,190 


<0.75 -200,140 






G 353.537-0.091 


2.5 


-56.6 


-58.3,-54.0 


2.7 






detection 






G 354.206-0.038 


1.1 


-37.1 


-37.2,-35.5 


0.4 


<0.75 


-150,190 


<0.80 -200,140 






G354.308-0.110 


3.4 


18.8 


11.2,19.1 


5.3 


<0.75 


-150,190 


<0.55 -200,140 






G 354.496+0.083 


8.4 


27.0 


17.6,27.3 


6.3 






detection 






G 354.615+0.472* 


167 


-24.4 


-27.0,-13.1 


277 






detection 






G 354.701+0.299 


1.3 


102.8 


98.1,102.9 


1 


<0.75 


-150,190 


<0.80 -200,140 






G 354.724+0.300 


13 


93.9 


91.3,94.4 


13 






detection 
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Table 1. - continued 



Methanol maser 6.7-GHz properties 12.2-GHz observations 



(Lb) 


Sg 7 


Vp5.7 


Vrg.7 




2008 June 


2008 December 


2010 March 


(degrees) 


(Jy) 








5-<T 


Vr 


5-cr 


Vr 


5-cr 


Vr 


G 355.184-0.419 


1.3 


-1.4 


-1.8,0.3 


c 


_ 




<0.70 


-200,140 


_ 




G 355.343+0.148* 


1.4 


6.0 


5.0,6.5 


0.9 








detection 






G 355.344+0.147 


10 


20.0 


18.7,20.5 


6.1 


— 




<0.60 


-200,140 


<0.80 


-140,200 


G 355.346+0.149 


7.4 


10.5 


8.2,12.2 


5.6 


_ 




<0.60 


-200,140 


<0.75 


-140,200 


G 355.538-0. 105 


1.3 


3.8 


-3.0,4.7 


2.4 


_ 




<0.60 


-200,140 


_ 




G 355.545-0.103 


1.2 


-28.2 


-30,-27.9 


1.0 


_ 




<0.80 


-200,140 


_ 




G 355.642+0.398 


1.4 


-7.9 


-8.3,-7.6 


0.8 


_ 




<0.55 


-200,140 


_ 




G 355.666+0.374 


2.5 


-3.3 


-4.2,0.6 


2.1 


<0.70 


-150,190 


<0.80 


-200,140 


_ 




G 356.054-0.095 


0.5 


16.7 


16.5,17.0 


0.2 


<0.70 


-150,190 


<0.80 


-200,140 


_ 




G 356.662-0.263 


8.4 


-53.8 


-56.4,-43.8 


11 


<0.75 


-150,190 


<0.55 


-200,140 


_ 




G 357.558-0.321 


2.7 


-3.9 


-5.0,-0.5 


1.5 


<0.75 


-150,190 


<0.80 


-200,140 


_ 




G 357.559-0.321 


2 


16.2 


15.6,17.8 


1.9 








detection 






G 357.922-0.337 


1 


-4.6 


-6.0,-4.4 


0.8 


<0.75 


-150,190 






<0.58 


-140,200 


G 357.924-0.337 


2.3 


-2.1 


-4.3,2.9 


1.7 








detection 






G 357.965-0.164* 


2.8 


-8.6 


-8.9,4.6 


3.7 


<0.75 


-150,190 


- 


-200,140 






G 357.967-0.163* 


47 


-3.1 


-5.9,0.4 


104 








detection 






G 358.263-2.061 


19 


5.0 


1.0,6.2 


17 








detection 






G 358.371-0.468* 


44 


1.3 


-0.9,13.2 


31 








detection 






G 358.386-0.483 


7.0 


-6.0 


-6.2,-5.8 


1.9 


<0.85 


-150,190 


<0.90 


-200,140 


_ 




G 358.460-0.391 


0.9 


3.3 


-0.5,3.5 


0.5 


<0.70 


-150,190 


<0.80 


-200,140 


<0.56 


-140,200 


G 358.460-0.393 


11 


-7.3 


-8.4,5.6 


9.7 


<0.70 


-150,190 


<0.80 


-200,140 


<0.56 


-140,200 


G 358.721-0.126 


3.0 


10.6 


9.3,14.9 


4.2 








detection 






G 358.809-0.085* 


6.9 


-56.2 


-59.1,-51.2 


6.6 








detection 






G 358.841-0.737 


11 


-20.6 


-29.3,-17.6 


6.7 








detection 






G 358.906+0.106 


1.9 


-17.9 


-20.3,-17.2 


1.7 








detection 






G 358.931-0.030 


5.9 


-15.9 


-22.2,-14.7 


9.0 


<0.75 


-150,190 


<0.80 


-200,140 


_ 




G 358.980+0.084 


1.1 


6.2 


5.5,7.0 


c 


<0.75 


-150,190 


<0.75 


-200,140 


_ 




G359. 138+0.031 


16 


-3.9 


-5.0,0.5 


14 


<0.75 


-150,190 


<0.80 


-200,140 


_ 




G 359.436-0.104 


14 


-52.3 


-57.5,-50.5 


18 








detection 






G 359.436-0.102 


73 


-46.8 


-53.0,-45.5 


50 


<0.75 


-150,190 


<0.80 




_ 




G 359.615-0.243* 


39 


19.3 


18.1,25.1 


56 








detection 






G 359.938+0.170 


2.3 


-0.5 


-0.8,-0.3 


0.7 


<0.70 


-150,190 


<0.80 


-200,140 


_ 




G 359.970-0.457 


2.4 


23.1 


22.8,23.2 


0.7 


<0.75 


-150,190 


<0.80 


-200,140 


_ 




G 0.092-0.663 


19 


23.8 


9.8,25.4 


34 








detection 






G 0.167-0.446 


1.3 


13.8 


11.9,16.5 


0.6 


<0.70 


-150,190 


<1.25 


-200,140 


_ 




G 0.212-0.001 


3.3 


49.5 


42.1,50.3 


4.8 








detection 






G 0.315-0.201 


68 


19.4 


14.6,28.0 


71 








detection 






G 0.316-0.201 


0.6 


21.0 


20.8,22.7 


0.4 


<0.55 


-150,190 






_ 




G 0.376+0.040 


0.6 


37.1 


37.0,37.3 


0.2 


<0.75 


-150,190 


<0.80 


-200,140 


_ 




G 0.409-0.504 


2.6 


25.4 


22.5,26.6 


1.9 


<0.75 


-150,190 


<0.80 


-200,140 


— 




G 0.475-0.010 


3.1 


28.8 


25.8,33.2 


4.8 


<0.75 


-150,190 


<0.80 


-200,140 


_ 




G 0.496+0.188 


24 


0.9 


-12.4,2.1 


51 








detection 






G 0.546-0.852* 


62 


11.8 


8.0,20.3 


201 








detection 






G 0.645-0.042 


54 


49.5 


46,53 




<0.60 


-150,190 






_ 




G 0.647-0.055 


2.0 




49,52 




<0.60 


-150,190 






_ 




G 0.651-0.049* 


21 


48.3 


46,49 






detection 








G 0.657-0.041 


1.8 




48,56 




<0.60 


-150,190 






_ 




G 0.665-0.036 


2.6 


60.4 


58,62 




<0.60 


-150,190 






_ 




G 0.666-0.029* 


34 


70.5 


68,73 






detection 








G 0.667-0.034* 


0.4 




49,56 






detection 








G 0.672-0.031 


7.3 


58.2 


55,59 




<0.60 


-150,190 










G 0.673-0.029 


0.4 




65.5,66.5 




<0.60 


-150,190 










G 0.677-0.025 


4.9 


73.3 


70,77 




<0.60 


-150,190 










G 0.695-0.038 


32 


68.6 


64,75 




<0.60 


-150,190 










G 0.836+0.184* 


6.6 


3.5 


-2.2,4.1 


3.7 








detection 






G 1.008-0.237 


14 


1.6 


1.0,7.4 


10 


<0.75 


-150,190 


<0.80 


-200,140 






G 1.147-0.124* 


3.0 


-15.3 


-20.7,-14.7 


4 


<0.50 


-150,190 




<0.80 


-200,140 




G 1.329+0.150 


2.1 


-12.2 


-12.3,-11.9 


0.6 


<0.70 


-150,190 


<0.80 


-200,140 






G 1.719-0.088 


7.8 


-8.1 


-8.4,-2.3 


6.7 








detection 






G 2.143+0.009 46.5 


7.1 


62.6 


53.4,64.7 


18 


<0.70 


-150,190 


<0.80 


-200,140 






G 2.521-0.220 




1.0 


-6.1 


-7.2,4.4 


0.8 


<0.70 


-150,190 <0.75 


-200,140 




G 2.536+0.198 


29 


3.1 


2.2,20.3 


53 








detection 






G 2.591-0.029 


1.8 


-8.3 


-9.0,-4.0 


2.1 


<0.70 


-150,190 


<0.80 


-200,140 
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Table 1. - continued 



Methanol maser 6.7-GHz properties 12.2-GHz observations 



(Lb) 


Sg 7 


Vp6.7 


Vr5.7 


■^6 7 


2008 June 


2008 December 


2010 March 


(degrees) 


fJv) 








5-cr 


Vr 


5-cr Vr 


5-a 


Vr 


G 2.615+0.134 


1.2 


94.1 


93.7,103.7 


1.9 






detection 






G 2.703+0.040 


9.0 


93.5 


92.2,97.8 


16 






detection 






G 3.253+0.018 


3.5 


2.2 


-1,2.9.0 


5.3 






detection 






G 3.312-0.399 


1.2 


0.4 


0.2,9.0 


0.8 


<0.70 


-150,190 


<0.75 -200,140 


— 




G 3.442-0.348 


1.1 


-35.2 


-35.3,-35.0 


0.3 


<0.70 


-150,190 


<0.75 -200,140 


— 




G 3.502-0.200* 


1.6 


43.9 


43.6,45.3 


0.9 






detection 






G 3.910+0.001 


5.0 


17.8 


16.9,24.0 


4.1 


<0.70 


-145,195 


<0.75 -200,140 


_ 




G 4.393+0.079 


6.7 


1.9 


0.2,9.2 


11 






detection 






G 4.434+0.129 


3.3 


-1.0 


-1.3,13.8 


2.2 


<0.70 


-145,195 


<0.75 -200,140 


_ 




G 4.569-0.079 


0.4 


9.5 


9.2,9.6 


0.1 


<0.70 


-145,195 


<0.75 -200,140 


_ 




G 4.586+0.028 


1.2 


26.1 


14.2,26.9 


1.4 


<0.75 


-145,195 


<0.75 -200,140 


_ 




G 4.676+0.276 


2.1 


4.5 


-5.1,5.5 


3.4 


<0.75 


-145,195 


<0.80 -200,140 


— 




G 4.866-0.171 


0.4 


5.3 


5.2,5.5 


0.1 


_ 




<0.55 -200,140 


_ 




G 5.618-0.082 


3.4 


-27.1 


-27.5,-18.3 


4.7 






detection 






G 5.630-0.294 


1.3 


10.5 


9.4,21.6 


3 






detection 






G 5.657+0.416 


1.7 


20.0 


13.0,25.1 


2.8 


<0.70 


-145,195 


<0.75 -200,140 


_ 




G 5.677-0.027 


0.8 


-11.7 


-12.5,-11.4 


0.4 


<0.70 


-145,195 


<0.75 -200,140 


_ 




G 5.885-0.393 


0.5 


6.0 


6.7,7.5 


1 


<0.75 


-145,195 


<0.80 -200,140 


_ 




G 5.900-0.430 


6.2 


10.0 


0.7,10.6 


6.1 


<0.75 


-145,195 


<0.55 -200,140 


<0.69 


-140,200 


G 6.189-0.358 


229 


-30.1 


-37.7,-27.8 


193 






detection 






G 6.368-0.052 


1.5 


144.1 


135.8,147.7 


2.7 


<0.70 


-145,195 


<0.75 -200,140 


_ 




G 6.539-0.108 


0.6 


13.1 


5.9,14.9 


0.7 


<0.70 


-145,195 


<0.75 -200,140 


— 




G 6.588-0.192 


8.0 


5.1 


3.1,7.2 


9.6 






detection 






G 6.610-0.082 


23 


0.8 


0.4,10.8 


15 






detection 






G 6.795-0.257 


91 


16.3 


12.2,31.4 


268 






detection 






G 6.881+0.093 


3.1 


-2.2 


-3.6,-2.0 


1.6 


<0.70 


-145,195 


<0.75 -200,140 


<0.58 


-140,200 


G 7.166+0.131 


2.6 


85.7 


74.4,90.2 


4.1 






detection 






G 7.601-0.139 


8.7 


154.6 


151.3,156.3 


8.4 


<0.75 


-145,195 


<1.25 -200,140 






G 7.632-0.109 


6.5 


157.0 


146.7,158.5 


8.7 






detection 






G 8.139+0.226 


11 


19.9 


19.0,21.0 


7.6 


<0.55 


-145,195 


<0.80 -200,140 






G 8.317-0.096 


4.5 


47.0 


44.8,50.5 


5.6 






detection 






G 8.669-0.356* 


10 


39.2 


36.0,39.9 


6.5 






detection 






G 8.683-0.368* 


109 


43.1 


40.2,45.6 


101 






detection 






G 8.832-0.028 


159 


-3.8 


-6.2,5.6 


358 






detection 






G 8.872-0.493 


34 


23.3 


22.8,26.8 


30 


<0.70 


-140,200 


<0.75 -200,140 






G 9.215-0.202 


12 


45.5 


36.7,49.8 


14 






detection 






G 9.621+0.196 * 


5240 


1.3 


-3.2,8.9 


2211 






detection 






G 9.619+0.193 * 


76 


5.3 


5.1,6.7 


36 






detection 






G 9.986-0.028 


68 


42.2 


40.6,51.4 


85 






detection 
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Table 2. Characteristics of the 12.2-GHz methanol maser emission that we detect. Column 1 gives the Galactic longitude and lat- 
itude of each source and is used as an identifier; and columns 2 and 3 give the equatorial coordinates for each of th e sources and 
have been derived from interferometric obse rvations of the 6.7-GHz methanol masers detected in the MMB survey jCaswell et al.l 
l20ld ; iGreen et ahl |2010|; ICaswell et al]|201lD. Refere n ces fo r pre viously detected 12.2-GHz sources follow the source name and are 



as follows; 1: 



Breen et alj feOlOah; "2 ~ ICaswell et al.l lll995l); 3: iGavlard. MacLeod fc van der Waltl [U994T ); 4: iKoo et al 



Catarzi. Moscadelli fc Panella I lll993h; 6: iKemball. Gaylard fc Nicolsonl jl98St) . 7: iBatrla et alj dl987T) ; 8: ICaswell et~ 



198; 

(199: 



Norris et alj 1119871) ; 10: iMacLeod. Gaylard fc Kemballl 1 119931) ; and are presented as superscripts after the source name (and are fol- 



lowed by a '*' if we fail to detect any emission). Column 4 gives the epoch of the observed data (sometimes indicating that the presented 
data is the average of multiple epochs) presented in columns 5-8 which give the peak flux density (Jy) or 5-cr detection limit, velocity of 
the 12.2-GHz peak (km s~ 1 ), velocity range (km s — 1 ) and integrated flux density (Jy km s — 1 ), respectively. The presence of a '-' in any 
of the columns showing source flux density indicates that no observation was made at the given epoch. The presence of a 't' in any of 
the columns indicates that the characteristics associated with a source are discussed in Section [4] The presence of 'conf' in the columns 
showing the integrated flux density indicates that a value for this characteristic could not be extracted do to confusion from nearby 
sources. Detection limits that are followed by '*' indicate that while no detection was made at the given epoch, emission is detected 
in the average spectrum. Flux densities derived from averaged spcctrums are followed by a For one source, observations from the 
Hobart radio telescope are presented and this is indicated by the presence of a following the flux density measurement. 



IVIethanol maser 




jjec 


Epoch 


f 12.2 


VP12.2 


Vri2.2 


i 

112.2 


(I, b) 


^ J ^UUU ) 


^ J ZUUU ) 






y J y) 


(km s ) 


(km s ) 


(Jy km s 1 ) 


(degrees) 


(h rn s) 


K ) 














G 330.070+1.064 


16 00 15.43 


-51 34 25.6 


2008 Dec 


3.5 


-42.1 


-42.5,-41.8 


1.5 


G 330.226+0.290 


16 04 18.94 


-52 03 12.8 


2008 Jun 


1. 1 


-92.2 


-92.4,-90.3 


0.3 








2008 Dec 


<0.75 




-200,140 




G 330 283+0 493 


16 03 43 06 


-51 51 48 3 


2008 Jun 


1.6 


-88.1 


-89 1 -87 9 


1.1 


G 331.120-0.118 


16 10 23.04 


-51 45 20.6 


2008 Jun 


0.5 


-93.5 


-93.6,-92.9 


0.2 








2008 Dec 


0.7 


-93.6 


-93.7,-92.7 


0.5 








2010 Mar 


0.7 


-93.2 


-93.6,-92.7 


0.4 


G 331.132-0.244 


16 10 59.77 


-51 50 22.4 


2008 Jun 


<0.75* 




-165,175 










2008 Dec 


<0.60* 




-200.140 










Avg 2008 Jun,Dec 


0.3 a 


-84.6 


-84.9,-84.6 


0.1 








2010 Mar 


0.9 


-84.2 


-91.5, -82.4 


0.3 


G 331. 278-0. 188 1 ' 2,8 ' 9 


16 11 26.59 


-51 41 56.7 


2008 Jun 


76 


-78.8 


-83.2,-77.8 


56 


G 331.342-0.346 


16 12 26.45 


-51 46 16.4 


2008 Jun 


<0.75* 




-160,180 










2008 Dec 


<0.60* 




-200.140 










Avg 


2008 Jun,Dec 


0.4" 


-71.0 


-71.8,-71.0 


0.2 








2010 


Mar 


0.5 


-71.2 


-72.2,-71.1 


0.1 


G 331.425+0.264 


16 10 09.36 


-51 16 04.5 


2008 


Dec 


6.7 


-88.6 


-90.5,-78.5 


4.8 


G 331.437-0.304 


16 12 42.00 


-51 40 30.9 


2008 


Jun 


<0.75 




-160.180 










2008 


Dec 


0.5 


-89.9 


-90,-89.5 


0.1 


G 331. 442-0. 187 3 


16 12 12.49 


-51 35 10.1 


2008 


Dec 


6. i 


-87.7 


-92.9,-84.5 


4.7 


G 331.543-0.066 


16 12 09.14 


-51 25 45.3 


2008 


Jun 


<0.75 




-160,180 










2008 


Dec 


<0.60 




-200,140 










2010 


Mar 


0.7 


-84.5 


-84.6,-84.3 


0.2 


G331.556-0.121 2 


16 12 27.21 


-51 27 38.2 


2008 


Dec 


8.9 


-104.4 


-105,-96.7 


8.5 


G 331.900-1.186 


16 18 49.13 


-51 59 28.2 


2008 


Jun 


<0.75* 




-160,180 










2008 


Dec 


<0.55* 




-200,140 










2010 


Mar 


<0.57 




-150,190 










Avg 


all 


0.4" 


-46.8 


-59.1,-46.8 


0.1 


G 332.094-0.421 


16 16 16.45 


-51 18 25.7 


2008 


Jun 


1.2 


-58.5 


-60.4,-58.5 


0.3 


G 332.295-0.094 


16 15 45.40 


-50 55 53.7 


2008 


Jun 


3.1 


-43.4 


-45.1,-42.2 


1.7 


G 332.295+2. 280 3 


16 05 41.72 


-49 11 30.3 


2008 


Jun 


64 


-24 


-24.7,-22.1 


31 


G332.726-0.621 1 


16 20 02.95 


-51 00 32.0 


2008 


Jun 


0.5 


-47.4 


-47.5,-47.3 


0.1 








2010 


Mar 


<0.58 




-150,190 




G 332.813-0.701 


16 20 48.12 


-51 00 15.6 


2008 


Jun 


0.4 


-58.2 


-58.7,-58.0 


0.2 








2008 


Dec 


0.1 


-58.6 


-58.9,-58.4 


0.1 








2010 


Mar 


0.7 


-58.2 


-58.3,-58.1 


0.1 


G 333.029-0.015 


16 18 44.17 


-50 21 50.6 


2008 


Jun 


0.9 


-53.8 


-61,-53.7 


0.6 


G333.068-0.447 2 


16 20 48.97 


-50 38 40.4 


2008 


Jun 


<0.75 




-160,180 










2008 


Dec 


0.4 


-54.4 


-54.6,-54.4 


0.1 








2010 


Mar 


0.7 


-54.5 


-54.6,-54.4 


0.1 


G333.163-0.101 2 


16 19 42.67 


-50 19 53.2 


2008 


Dec 


5.5 


-95.2 


-95.5,-94.8 


2.1 


G 333.184-0.091 


16 19 45.62 


-50 18 35.0 


2008 


Jun 


0.5 


-81.7 


-81.9,-81.4 


0.2 








2008 


Dec 


0.7 


-81.7 


-82,-81.4 


0.2 








2010 


Mar 


0.6 


-81.7 


-81.8,-81.6 


0.1 


G 333.562-0.025 


16 21 08.80 


-49 59 48.0 


2008 


Dec 


15 


-34.9 


-44.1,-34.1 


14 


G 333.646+0.058 


16 21 09.14 


-49 52 45.9 


2008 


Jun 


0.6 


-87.5 


-87.7,-87.5 


0.1 








2008 


Dec 


<0.75 




-200,140 










2010 


Mar 


0.5 


-87.6 


-87.7,-87.3 


0.1 
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Table 2. - continued 



Methanol maser 




RA 


Dec 


Epoch 


S12.2 


Vpi2.2 


Vr i2 .2 


I12.2 


0,6) 


(J2000) 


(J2000) 






(Jy) 


(km s" 1 ) 


(km s- 1 ) 


(Jy km s- 1 ) 


(degrees) 


(h m s) 


(° ' ") 














G 333.683-0.437 


16 


23 


29.78 


-50 12 08.6 


2008 


Dec 


8.4 


-5.5 


-7.6,-4.6 


4.8 


G 334.138-0.023 


16 


23 


39.56 


-49 35 15.2 


2008 


Jun 


1.0 


-31.2 


-31.3,-31.1 


0.2 


G 334.307-0.079 


16 


24 


38.12 


-49 30 24.5 


2008 


Jun 


1.2 


-36.5 


-36.9,-36.2 


0.5 


G 334.635-0.015 


16 


25 


45.73 


-49 13 37.4 


2008 


Jun 


1.7 


-30.2 


-30.6,-29.8 


0.8 


G 334.933-0.307 


16 


28 


18.81 


-49 12 57.6 


2008 


Jun 


2.8 


-102.8 


-103.7,-101.8 


2.1 


G 334.935-0.098 


16 


27 


24.25 


-49 04 11.3 


2008 


Jun 


0.7 


-17.9 


-18.9,-17.2 


0.5 












2010 


Mar 


0.6 


-17.7 


-18.1,-17.7 


0.2 


G 335.060-0.427 


16 


29 


23.13 


-49 12 27.1 


2008 


Dec 


18 


-47 


-47.3,-46.4 


5.7 


G 335.426-0.240 


16 


30 


05.58 


-48 48 44.8 


2008 


Dec 


18 


-50.7 


-53.3,-50.3 


8.0 


G335.556-0.307 2 


16 


30 


55.96 


-48 45 50.0 


2008 


Dec 


5.3 


-114.7 


-116.7,-114.4 


1.8 


G 335.585-0.290 


16 


30 


58.67 


-48 43 50.7 


2008 


Jun 


1.1 


-53.5 


-54.3,-52.8 


0.6 












2008 


Dec 


1.1 


-53.3 


-54.4,-53.2 


0.5 












2010 


Mar 


0.9 


-53.7 


-53.8,-53.4 


0.3 


G335.726+0.191 2 


16 


29 


27.37 


-48 17 53.2 


2008 


Dec 


8.0 


-44.5 


-44.8,-43.5 


5.8 


G335.789+0.174 2 - 8 ' 9 


16 


29 


47.33 


-48 15 51.7 


2008 


Dec 


162 


-46.2 


-51,-45.4 


146 


G336.018-0.827 3 


16 


35 


09.30 


-48 46 46.8 


2008 


Jun 


7.7 


-40.2 


-53.4,-39.5 


6.5 


G336.358-0.137 2 


16 


33 


29.17 


-48 03 43.9 


2008 


Dec 


2.6 


-74.7 


-79.7,-73.5 


1.5 


G336.433-0.262 2 - 8 


16 


34 


20.22 


-48 05 32.2 


2008 


Dec 


15 


-93.1 


-93.6,-87.1 


9.6 


G 336.496-0.271 


16 


34 


38.02 


-48 03 03.9 


2008 


Jun 


7.6 


-24 


-24.9,-21.3 


5.7 


G336.822+0.028 2 


16 


34 


38.28 


-47 36 32.2 


2008 


Dec 


4.8 


-76.7 


-77.3,-76.5 


1.3 


G 336.825+0.139 


16 


34 


09.82 


-47 31 52.9 


2008 


Jun 


1.4 


-88.4 


-89.1,-87.3 


0.7 


G336.864+0.005 2 


16 


34 


54.44 


-47 35 37.3 


2008 


Jun 


<0.75 




-160,180 














2008 


Dec 


0.5 


-75.3 


-75.4,-74.8 


0.1 


G 336.916-0.024 


16 


35 


14.27 


-47 34 30.1 


2008 


Jun 


2.6 


-127.2 


-127.5,-115.0 


1.2 


G 336.941-0.156 


16 


35 


55.19 


-47 38 45.4 


2008 


Dec 


11 


-66.6 


-76.7,-64.5 


12 


G 336.957-0.225 


16 


36 


16.99 


-47 40 48.6 


2008 


Jun 


1.0 


-68 


-68.2,-67.4 


0.5 


G 336.983-0.183 


16 


36 


12.41 


-47 37 58.2 


2008 


Dec 


2.5 


-79.8 


-85.7,-75.2 


2.7 


G 337.052-0.226 


16 


36 


40.12 


-47 36 38.2 


2008 


Dec 


0.4 


-76.7 


-77,-76.4 


0.1 


G 337.097-0.929 


16 


39 


57.77 


-48 02 49.1 


2008 


Jun 


1.4 


-40.6 


-40.9,-40.2 


0.6 


G 337.132-0.068 


16 


36 


17.67 


-47 26 41.0 


2008 


Jun 


<0.70 




-160,180 














2008 


Dec 


0.7 


-59.7 


-60.2,-59.6 


0.2 


G 337.153-0.395 


16 


37 


48.86 


-47 38 56.5 


2008 


Dec 


1.2 


-48.3 


-50,-48.2 


0.4 


G 337. 176-0.032 


16 


36 


18.84 


-47 23 19.8 


2008 


Jun 


0.5 


-64.8 


-65.1,-64.7 


0.2 












2008 


Dec 


0.5 


-64.7 


-65.3,-64.7 


0.2 












2010 


Mar 


0.8 


-64.8 


-72.3,-64.6 


0.5 


G 337.201+0.114 


16 


35 


46.56 


-47 16 16.7 


2008 


Dec 


4.4 


-54.6 


-57.7,-53.3 


4.0 


G 337.202-0.094 


16 


36 


41.22 


-47 24 40.2 


2008 


Jun 


<0.80* 




-160,180 














2010 


Mar 


<0.80* 




-150,190 














Avg 


all 


0.4" 


-65.9 


-68.2,-65.9 


0.2 


G 337.388-0.210 


16 


37 


56.01 


-47 21 01.2 


2008 


Dec 


2.9 


-55.5 


-66,-54.9 


4.8 


G 337.404-0.402 2 


16 


38 


50.51 


-47 28 00.3 


2008 


Dec 


4.2 


-39.4 


-42.5,-38.5 


2.1 


G337.613-0.060 2 - 8 > 9 


16 


38 


09.54 


-47 04 59.9 


2008 


Dec 


5.7 


-42.2 


-53.6,-40.5 


7.9 


G337.632-0.079 2 


16 


38 


19.13 


-47 04 53.5 


2008 


Jun 


<0.75 




-160,180 














2008 


Dec 


0.5 


-55.5 


-56.8,-54.6 


0.2 












2010 


Mar 


0.6 


-55.6 


-56.8,-53.1 


0.2 


G337.705-0.053 2 - 8 ' 9 


16 


38 


29.63 


-47 00 35.5 


2008 


Dec 


94 


-54.6 


-55.6,-50.8 


37 


G 337.844-0.375 


16 


40 


26.67 


-47 07 13.4 


2008 


Jun 


0.9 


-38.6 


-39.1,-38.1 


0.3 


G337.920-0.456 2 


16 


41 


06.05 


-47 07 02.1 


2008 


Dec 


0.6 


-37.8 


-37.9,-37.7 


0.2 












2010 


Mar 


0.7 


-37.8 


-38.9,-37.6 


0.2 


G 337.966-0.169 


16 


40 


01.09 


-46 53 34.5 


2008 


Jun 


<0.75 




-160,180 














2008 


Dec 


0.6 


-59 


-59.2,-58.9 


0.2 


G338.075+0.012 2 - 8 


16 


39 


39.04 


-46 41 28.0 


2008 


Jun 


5.9 


-53.1 


-53.6,-52.6 


3.0 












2008 


Dec 


7.5 


-53.1 


-54,-52.5 


4.0 


G 338.160-0.064 


16 


40 


18.70 


-46 40 37.8 


2008 


Jun 


0.8 


-66.1 


-66.5,-65.9 


0.2 












2008 


Dec 


0.6 


-66.2 


-66.3,-65.9 


0.2 


G 338.388+0.162 


16 


40 


12.37 


-46 21 25.6 


2008 


Jun 


1.8 


-30.1 


-30.2,-29.3 


1.1 


G338.461-0.245 2 ' 8 


16 


42 


15.50 


-46 34 18.4 


2008 


Dec 


9.4 


-52.2 


-52.6,-51.2 


5.9 


G 338.561+0.218 


16 


40 


37.96 


-46 11 25.8 


2008 


Dec 


26 


-40.2 


-41.4,-37.7 


34 


G 338.875-0.084 2 


16 


43 


08.25 


-46 09 12.8 


2008 


Dec 


1.0 


-41.4 


-41.5,-40.4 


0.5 


G 338.902+0.394 


16 


41 


10.06 


-45 49 05.4 


2008 


Dec 


1.0 


-26 


-26.5,-25.7 


0.6 


G 338.920+0.550 


16 


40 


34.01 


-45 42 07.1 


2008 


Dec 


0.6 


-66.8 


-66.9,-66.7 


0.1 












2010 


Mar 


<0.77 




-150,190 




G 338.925+0.634 


16 


40 


13.56 


-45 38 33.2 


2008 


Dec 


33 


-60.6 


-61.9,-52.8 


22 
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Table 2. - continued 



Methanol maser 




RA 


Dec 


Epoch 


S12.2 


Vpi2.2 


Vri2.2 


I12.2 


0,6) 


(J2000) 


(J2000) 






(Jy) 


(km s" 1 ) 


(km s- 1 ) 


(Jy km s- 1 ) 


(degrees) 


(h m s) 


(° ' ") 














G 338.926+0.634 


16 


40 


13.95 


-45 


38 29.7 


2008 


Dec 


t 








G338.935-0.062 2 


16 


43 


16.01 


-46 


05 40.2 


2008 


Dec 


10 


-42.2 


-43.1,-41.4 


3.1 


G 339.053-0.315 


16 


44 


48.99 


-46 


10 13.0 


2008 


Dec 


47 


-111.8 


-124,-110.2 


40 


G 339.064+0.152 


16 


42 


49.56 


-45 


51 23.8 


2008 


Dec 


0.5 


-85.8 


-87.6,-85.7 


0.5 


G 339.282+0.136 


16 


43 


43.11 


-45 


42 08.0 


2008 


Dec 


1.3 


-70.9 


-71.1,-69.9 


0.7 


G 339.476+0.185 


16 


44 


13.79 


-45 


31 24.8 


2008 


Dec 


0.5 


-98.1 


-98.1,-87.4 


0.1 














2010 


Mar 


<0.80 




-150,190 




G 339.582-0.127 


16 


45 


58.82 


-45 


38 47.2 


2008 


Dec 


1.6 


-30.5 


-30.7,-30.2 


0.4 


G339.622-0.121 2 > 8 


16 


46 


05.99 


-45 


36 43.3 


2008 


Dec 


3.4 


-32.8 


-39.1,-31.7 


2.3 


G 339.762+0.054 


16 


45 


51.56 


-45 


23 32.6 


2008 


Dec 


2.6 


-50.4 


-51.7,-49.5 


1.7 


G 339.884-1. 259 2 ' 8 ' 9 


16 


52 


04.67 


-46 


08 34.1 


2008 


Dec 


846 


-38.7 


-39.4,-32.4 


750 


G 339.949-0.539 


16 


49 


07.98 


-45 


37 58.3 


2008 


Dec 


12 


-97.6 


-100.4,-94 


11 


G 339.986-0.425 


16 


48 


46.31 


-45 


31 51.3 


2008 


Dec 


64 


-89.4 


-89.9,-87.1 


54 


G340.054-0.244 2 


16 


48 


13.89 


-45 


21 43.3 


2008 


Dec 


8.3 


-59.8 


-60.1,-59.3 


2.8 


G 340.118-0.021 


16 


47 


30.00 


-45 


10 12.1 


2008 


Dec 


0.5 


-123.8 


-124,-123.5 


0.2 


G 340.518-0.152 


16 


49 


31.36 


-44 


56 54.6 


2008 


Dec 


2 


-48.3 


-50,-48.1 


1.1 


G340.785-0.096 2 ' 8 > 9 


16 


50 


14.84 


-44 


42 26.3 


2008 


Dec 


42 


-105.3 


-109,-89 


41 


G341.218-0.212 2 - 8 > 9 


16 


52 


17.84 


-44 


26 52.1 


2008 


Dec 


1.2 


-38.7 


-48,-37.1 


1.2 


G341.238-0.270 2 


16 


52 


37.41 


-44 


28 07.7 


2008 


Jun 


1.1 


-51.2 


-52,-49.5 


0.8 


G 341.276+0.062 


16 


51 


19.41 


-44 


13 44.5 


2008 


Jun 


0.8 


-73.5 


-73.8,-70.4 


0.6 


G 342.338+0.305 


16 


54 


00.71 


-43 


15 12.3 


2008 


Jun 


<0.70 




-155,185 
















2008 


Dec 


0.8 


-112.2 


-112.2,-112.1 


0.1 














2010 


Mar 


0.5 


-112.2 


-112.2,-112.0 


0.1 


G 342.446-0.072 


16 


55 


59.94 


-43 


24 22.5 


2008 


Jun 


0.5 


-20.1 


-20.2,-19.4 


0.1 


G 342.484+0.183 


16 


55 


02.30 


-43 


12 59.8 


2008 


Dec 


8.1 


-42.2 


-43,-41 


5.7 


G 343.354-0.067 


16 


59 


04.24 


-42 


41 34.6 


2008 


Jun 


0.6 


-127.7 


-127.8,-127.6 


0.1 














2008 


Dec 


0.5 


-116.8 


-116.9,116.8 


0.1 


G 343.502-0.472 


17 


01 


18.40 


-42 


49 36.8 


2008 


Jun 


0.4 


-42.5 


-42.6,-41.9 


0.2 


G343.929+0.125 2 


17 


00 


10.91 


-42 


07 19.3 


2008 


Jun 


2.4 


13.7 


13.4,14.5 


1.2 


G344.227-0.569 2 - 10 


17 


04 


07.78 


-42 


18 39.5 


2008 


Jun 


2.4 


-19.7 


-30.8,-18.7 


3.1 


G344.421+0.045 2 


17 


02 


08.77 


-41 


46 58.5 


2008 


Jun 


0.8 


-71.5 


-71.8,-71.2 


0.3 


G345.003-0.223 8 - 9 


17 


05 


10.89 


-41 


29 06.2 


2008 


Jun 


1.0 


-22.2 


-23.1,-21.7 


0.8 


G345.003-0.224 8 ' 9 


17 


05 


11.23 


-41 


29 06.9 


2008 


Jun 


0.9 


-28.5 


-30.3,-28.3 


0.4 


G 345. 010+1. 792 2 ' 8 ' 9 


16 


56 


47.58 


-40 


14 25.8 


2008 


Jun 


296 


-21.8 


-23.5,-16.8 


305 


G 345. 012+1. 797 2 ' 8 ' 9 


16 


56 


46.82 


-40 


14 08.9 


2008 


Jun 


12 


-10.8 


-13.1,-10.4 


12 


G 345.198-0.030 


17 


04 


59.49 


-41 


12 45.7 


2008 


Jun 


1.2 


-0.5 


-1.5,-0.2 


0.7 


G345.505+0.348 2 ' 10 


17 


04 


22.91 


-40 


44 21.7 


2008 


Jun 


8.4 


-17.7 


-18.5,-15.5 


5.1 


G 345.807-0.044 


17 


06 


59.85 


-40 


44 08.2 


2008 


Jun 


<0.75 




-155,185 
















2008 


Dec 


0.3 


-1.5 


-2.1,-1.3 


0.1 














2010 


Mar 


<0.82 




-140,200 




G 346.480+0.221 


17 


08 


00.11 


-40 


02 15.9 


2008 


Jun 


8.7 


-19 


-19.7,-13.7 


6.6 


G347.583+0.213 2 


17 


11 


26.72 


-39 


09 22.5 


2008 


Jun 


0.8 


-102.7 


-102.8,-101.7 


0.5 


G347.863+0.019 2 


17 


13 


06.23 


-39 


02 40.0 


2008 


Jun 


1.6 


-35.3 


-36.5,-23.6 


1.3 


G347.902+0.052 2 


17 


13 


05.11 


-38 


59 35.5 


2008 


Jun 


1.3 


-27.3 


-27.8,-27 


0.7 


G 348.195+0.768 


17 


11 


00.20 


-38 


20 05.5 


2008 


Jun 


0.5 


-0.8 


-0.9,-0.8 


0.1 














2008 


Dec 


0.4 


-0.9 


-1,-0.8 


0.1 














2010 


Mar 


<0.79 




-140,200 




G348.550-0.979 2 - 8 


17 


19 


20.41 


-39 


03 51.6 


2008 


Jun 


8.9 


-10.1 


-10.9,-9.4 


3.7 


G348.550-0.979n 2 ' 8 


17 


19 


20.45 


-39 


03 49.4 


2008 


Jun 


1.0 


-22.1 


-22.2,-21.8 


0.3 


G 348.617-1.162 


17 


20 


18.65 


-39 


06 50.8 


2008 


Dec 


28 


-11.5 


-21.3,-9.9 


39 


G 348.723-0.078 


17 


16 


04.77 


-38 


24 08.8 


2008 


Dec 


0.9 


11.6 


9.7,11.7 


0.9 


G 348. 703-1. 043 2 ' 8 


17 


20 


04.06 


-38 


58 30.9 


2008 


Dec 


34 


-3.5 


-16.3,-2.9 


26 


G 348. 727-1. 037 2 ' 8 


17 


20 


06.54 


-38 


57 09.1 


2008 


Dec 


13 


7.4 


-9.1,-6.6 


8.9 


G 348.884+0.096 


17 


15 


50.13 


-38 


10 12.4 


2008 


Dec 


3.3 


-74.4 


-76.6,-74.1 


2.7 


G 349.092+0.106 


17 


16 


24.59 


-37 


59 45.8 


2008 


Dec 


0.5 


-80.4 


-81.6,-80.2 


0.2 


G 349.799+0.108 


17 


18 


27.74 


-37 


25 03.5 


2008 


Dec 


1.3 


-59.5 


-59.7,-59.1 


0.6 


G350.105+0.083 2 


17 


19 


27.01 


-37 


10 53.3 


2008 


Dec 


1.4 


-74.1 


-74.8,-66.9 


1.1 














2010 


Mar 


0.7 


-74.1 


-74.1, -66.8 


0.2 


G 350.116+0.220 


17 


18 


55.11 


-37 


05 38.1 


2008 


Dec 


<0.60* 




-200,140 
















2010 


Mar 


<0.82* 




-140,200 
















Avg 


all 


0.4" 


4.4 


4.3,4.5 


0.1 


G 350.299+0.122 


17 


19 


50.87 


-36 


59 59.9 


2008 Dec 


0.6 


-63.6 


-63.7,-63.5 


0.1 


G 350.340+0.141 


17 


19 


53.43 


-36 


57 18.8 


2008 Dec 


0.6 


-58.5 


-58.5,-58.4 


0.1 
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Table 2. - continued 



Methanol maser 




RA 


Dec 


Epoch 


S12.2 


Vpi2.2 


Vri2.2 


I12.2 


(1, 6) 


(J2000) 


(J2000) 






(Jy) 


(km s- 1 ) 


(km s- 1 ) 


(Jy km s- 1 ) 


(degrees) 


(h m s) 


(° ' ") 














G 350.344+0.116 


17 


20 


00.03 


-36 


58 00.1 


2008 


Dec 


7.2 


-65.4 


-65.7,-64.9 


3.0 


G 350.470+0.029 


17 


20 


43.24 


-36 


54 46.6 


2008 


Dec 


0.7 


-6.2 


-6.4,-6.1 


0.1 


G350.686-0.491 3 


17 


23 


28.63 


-37 


01 48.8 


2008 


Dec 


13 


-13.8 


-15.1,-13.7 


4.0 


G 351.382-0.181 


17 


24 


09.58 


-36 


16 49.3 


2008 


Dec 


2 


-59.7 


-60.5,-59.4 


0.7 


G351.417+0.645 2 ' 7 ' 8 


17 


20 


53.37 


-35 


47 01.2 


2008 


Dec 


976 


-10.4 


-12.0,0.4 


866 














2010 


Mar 


742 


-10.4 


-12.0,-6.5 


656 


G351.417+0.646 2 - 7 ' 8 


17 


20 


53.18 


-35 


46 59.3 


2008 


Dec 


692 


-11.2 


t 


t 














2010 


Mar 


515 


-11.2 


t 


t 


G351.445+0.660 2 ' 7 ' 8 


17 


20 


54.61 


-35 


45 08.6 


2008 


Dec 


37 


-9.3 


-9.6,-0.2 


19 


G 351.611+0.172 


17 


23 


21.25 


-35 


53 32.4 


2010 


Mar 


2 


-37.3 


-43.7,-35.7 


2 


G 351.688+0.171 


17 


23 


34.52 


-35 


49 46.3 


2008 


Dec 


21 


-36.2 


-44.5,-35.3 


14.3 


G351.775-0.536 2 ' 10 


17 


26 


42.57 


-36 


09 17.6 


2008 


Dec 


12 


1.8 


0.8,2.3 


4.7 


G 352.083+0.167 


17 


24 


41.22 


-35 


30 18.6 


2008 


Jun 


2.8 


-66.2 


-66.5,-65.7 


1.1 


G 352.111+0.176 


17 


24 


43.56 


-35 


28 38.4 


2008 


Jun 


3.1 


-54.1 


-55,-53 


2.8 


G 353.370-0.091 


17 


29 


14.27 


-34 


34 50.2 


2008 


Jun 


<0.75 




-150,190 
















2008 


Dec 


0.6 


-44.6 


-44.7,-44.4 


0.2 


G353.410-0.360 2 > 8 ' 9 


17 


30 


26.18 


-34 


41 45.6 


2010 


Dec 9 


21 


-20.5 


-22.5,-19.5 


21 


G 353.537-0.091 


17 


29 


41.25 


-34 


26 28.4 


2008 


Jun 


0.6 


-56.6 


-56.9,-55.1 


0.2 














2008 


Dec 


0.8 


-56.7 


-56.9,-56.5 


0.2 


G 354.496+0.083 


17 


31 


31.77 


-33 


32 44.0 


2008 


Jun 


2.1 


27 


25.6,27.3 


1.1 


G354.615+0.472 2 ' 8 ' 9 


17 


30 


17.13 


-33 


13 55.1 


2008 


Dec 


33 


-16.5 


-24.8,-15.5 


16 


G 354.724+0.300 


17 


31 


15.55 


-33 


14 05.7 


2008 


Jun 


3.3 


93.9 


92.3,94.1 


1.7 


G 355.343+0.148 


17 


33 


28.84 


-32 


48 00.2 


2008 


Dec 


<0.55* 




-200,140 
















2010 


Mar 


<0.82* 




-140,200 
















Avg 


all 


0.3 Q 


5.3 


5.3,5.8 


0.1 


G 357.559-0.321 


17 


40 


57.33 


-31 


10 56.9 


2008 


Jun 


0.9 


16.1 


15.9,16.2 


0.2 














2008 


Dec 


0.7 


16 


15.9,16.2 


0.2 


G 357.924-0.337 


17 


41 


55.17 


-30 


52 50.2 


2008 


Jun 


0.7 


-2.4 


-2.6,-1.7 


0.3 


G 357.967-0.163 


17 


41 


20.26 


-30 


45 06.9 


2008 


Jun 


0.9 


-2.9 


-3.6,-2.5 


0.2 














2008 


Dec 


1 


-3 


-8.8,-2.8 


0.4 


G 358.263-2.061 


17 


49 


37.63 


-31 


29 18.0 


2008 


Jun 


0.5 


1.9 


1.5,1.9 


0.1 














2008 


Dec 


0.5 


1.7 


1.5,1.7 


0.1 


G 358.371-0.468 


17 


43 


31.95 


-30 


34 11.0 


2008 


Jun 


1.9 


1.4 


1,1.6 


0.7 














2008 


Dec 


8.1 


1.3 


0.8,2 


3.2 


G 358.721-0.126 


17 


43 


02.31 


-30 


05 29.9 


2008 


Jun 


0.7 


10.5 


10.5,10.6 


0.1 


G 358.809-0.085 


17 


43 


05.40 


-29 


59 45.8 


2008 


Jun 


0.3 


-56.2 


-56.2,-56.1 


0.1 


















0.3 


-56.2 


-56.3,-56.1 


0.1 


G 358.841-0.737 


17 


45 


44.29 


-30 


18 33.6 


2008 


Jun 


3.2 


-20.7 


-21.3,-20.4 


1.4 


G 358.906+0.106 


17 


42 


34.57 


-29 


48 46.8 


2008 


Jun 


<0.70 




-150,190 
















2008 


Dec 


0.7 


-17.3 


-18.2,-17.2 


0.1 


G 359.436-0.104 


17 


44 


40.60 


-29 


28 16.0 


2008 


Jun 


<0.75 




-150,190 
















2008 


Dec 


0.5 


-56.5 


-56.5,-56.3 


0.1 


G359.615-0.243 2 ' 8 


17 


45 


39.09 


-29 


23 30.0 


2008 


Dec 


5.7 


19.3 


19.1,24.5 


6.4 


G 0.092-0.663 


17 


48 


25.90 


-29 


12 05.9 


2008 


Dec 


6.3 


23.5 


21,23.9 


3.9 


GO.212-0.001 1 


17 


46 


07.63 


-28 


45 20.9 


2008 


Jun 


0.8 


49.4 


48.9,49.6 


0.5 


GO.315-0.201 1 ' 3 


17 


47 


09.13 


-28 


46 15.7 


2008 


Jun 


2.4 


18.2 


17.7,20 


1.9 


G 0.496+0.188 


17 


46 


03.96 


-28 


24 52.8 


2008 


Jun 


18 


1 


-9.7,1.5 


16 


G0.546-0.852 1 ' 2 > 4 > 8 


1 I 


50 


14.53 


—28 


54 31.2 


2008 


Jun 


3.9 


18.4 


13.7,19.2 


2.5 


G0.651-0.049 2 > 8 


17 


47 


21.12 


-28 


24 18.2 


2008 


Jun 


2.1 


48.1 


47.8,48.5 


1.0 


G 0.666-0.029 


17 


47 


18.64 


-28 


22 54.6 


2008 


Jun 


0.5 


68.7 


68.6,68.8 


0.1 


G 0.667-0.034 


17 


47 


19.87 


-28 


23 01.3 


2008 


Jun 


0.6 


55.1 


55.1,55.3 


0.1 


G 0.836+0.184 


17 


46 


52.86 


-28 


07 34.8 


2008 


Jun 


<0.50 




-150,190 
















2008 


Dec 


0.6 


3.5 


-2.2,3.6 


0.1 


G 1.719-0.088 


17 


49 


59.84 


-27 


30 36.9 


2008 


Jun 


0.8 


-8 


-8.1,-7.8 


0.2 


G 2.536+0.198 


17 


50 


46.48 


-26 


39 44.9 


2008 


Jun 


3.7 


6.9 


3.3,7.2 


2.6 


G 2.615+0.134 


17 


51 


12.30 


-26 


37 37.2 


2008 


Jun 


0.6 


94.2 


94.1,94.3 


0.1 














2008 


Dec 


<0.55 




-200,140 




G 2.703+0.040 


17 


51 


45.98 


-26 


35 56.7 


2008 


Jun 


2.6 


93.6 


92.9,94.8 


1.3 


G 3.253+0.018 


17 


53 


05.96 


-26 


08 13.0 


2008 


Jun 


0.9 


2.4 


-0.3,2.6 


0.6 


G 3.502-0.200 


17 


54 


30.06 


-26 


01 59.4 


2008 


Jun 


<0.70 




-150,190 
















2008 


Dec 


0.4 


43.8 


43.6,43.9 


0.1 














2010 


Mar 


<0.80 




-140,200 
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4 INDIVIDUAL SOURCES 

Here we draw attention to specific sources for which the in- 
formation in Tableland Fig.[T]does not adequately describe 
them. Complex situations where more than one 12.2-GHz 
methanol maser is located within close proximity are dis- 
cussed, particularly where there is no clear separation in ve- 
locity between sources. Variable sources (particularly those 
12.2-GHz sources that have varied by more than 20 per cent 
between 2008 June and December), sources with interest- 
ing histories and associations with other maser species are 
also highlighted. Instances where the flux density of the 12.2- 
GHz methanol emission surpasses that of the 6.7-GHz coun- 
terpart are of particular interest and are noted below. All 
comments relating to smoothing indicate levels that have 
been applied after the initial Hanning smoothing. 

G 330.226+0.290. 12.2-GHz emission was detected in 
2008 June, with a peak flux density of 1.4 Jy at a velocity of 
-92.2 km s" 1 . At this velocity very weak (~0.2 Jy) 6.7-GHz 
emission was present in 2008 Aug 21. 12.2-GHz emission 
was also detected at the 6.7-GHz peak velocity (~0.7 Jy). 
No 12.2-GHz emission was detected towards this source in 
2008 December (5-cr detection limit of 0.75 Jy). 

G 331. 132-0. 244. No 12.2-GHz emission was detected 
at either epoch in 2008, but weak emission (~0.3 Jy) 
is present in the average spectrum. Observations car- 
ried out during 2010 March revealed stronger emission 
(0.9 Jy) as shown in Fig. [1] Both water maser and OH 
mase r emission have been detected at this site |Caswelll 
1 19981 ; iBreen et al.l l2010bl ). The methanol maser emis- 
sion at 6.7-GHz shows strong ev i dence for periodicity 
(|Goedhart. Gavlard fc van der Waltl |2004h and extrapola- 
tion of their light-curve is consistent with our 12.2-GHz ob- 
servations. 

G 331.278-0.188. 12.2-GHz emission peaks at a ve- 
locity of -78.8 km s~ and is similar to the spectrum re- 
ported bv lCaswell et al] (|l993h . coincident with a 6.7-GHz 
secondary feature. At this velocity the 12.2-GHz emission 
is 76 Jy, stronger than the 46 Jy 6.7-GHz emission ob- 
served two months later. A spectrum comparing the two 
transitions is shown in Fig. [S] and is similar to the results 
of near-simultaneous observations made with Hobart. This 
methanol maser si t e is a ss ociated with OH an d water maser 
emission |Caswelll l| 1998ft ; lBreen et all (|2010bh 1. 

G 331.342-0.346. 12.2-GHz observations were made 
during all three epochs. Weak emission was first identified in 
the average of the 2008 June and December spectra and con- 
firmed in 2010 March. The spectrum presented in Fig. [T] is 
the average of all epochs and has had additional smoothing 
over four channels. This source shows weak (0.2 Jy) emission 
at the velocity of the strongest 6.7-GHz feature (86 Jy), and 
shows a slightly stronger feature (0.4 Jy) at the velocity of 
a very weak 6.7-GHz feature at ~-71.3 km s _1 . Emission 
from both OH a nd water masers are also present at this site 
jCaswelll i|l99Sh ; lBreen et all (|2010rJ) 1. 

G 331.900-1.186. Observations were carried out dur- 
ing all three epochs and no individual epoch revealed any 



discernible emission. However, the average of the three ob- 
servations shows weak 12.2-GHz emission. The spectrum 
presented in Fig. \T\ has been smoothed over an additional 
4 channels. While the signal-to-noise in the averaged spec- 
trum is still very low, the two spectral features are coincident 
in velocity with 6.7-GHz methanol maser features. Interest- 
ingly, the slightly weaker 12.2-GHz feature at -59.1 km s _1 
is only 0.3 Jy at 6.7-GHz. 

G 333. 068-0. 447. 12.2-GHz emission was detected at 
a peak flux density of 0.4 Jy in 2008 December at the ve- 
locity of the 6.7-GHz peak, but no emission was detected 
at 12.2-GHz in 2008 June (5-cr detection limit of 0.75 Jy). 
The spectrum shown in Fig.[T]is from 2010 March when the 
emission was at its strongest (0.7 Jy). 

G 333. 135-0.431. No 12.2-GHz observations were di- 
rected towards this source. We derive emission upper limits 
(presented in Table [TJ from observations of G 333.128-0.560 
which is located 38 arcsec away. Since the nearby source 
has an overall integration time of 20 minutes, the epoch- 
averaged detection limit at the offset position is comparable 
to the majority of sources which had integration times of 5 
to 10 minutes. 

G 333.646+0.058. Emission at 12.2-GHz (0.6 Jy) was 
detected in 2008 June and 2010 March at the velocity of the 
6.7-GHz peak and the average of the two epochs is shown in 
Fig. [1] However, observations in 2008 December showed no 
emission (5-cr detection limit of 0.75 Jy). Emission from the 
22-GHz transition of water is also found towards this site 
|Breen et al.ll2010bl ). 

G 335.426-0.240. This source exhibits multiple 12.2- 
GHz features with those between -53.4 and -52.4 km s _1 
showing stronger emission at 12.2-GHz (1.9 Jy) than at 6.7- 
GHz (~0.2 Jy). The 6.7-GHz observations were carried out 
4 months prior to the 12.2-GHz follow-up observations. 

G 335.556-0.307. The major feature at 12.2-GHz is at 
the velocity of the 6.7-GHz peak. A secondary feature at - 
114.7 km s" 1 has a peak flux density of 5.3 Jy compared to 
the corresponding 6.7-GHz feature of 4.4 Jy. The 6.7-GHz 
observations were carried out 4 months prior to the 12.2- 
GHz follow-up observations. 

G 335. 789+0. 1 74. The peak of the 12.2-GHz emission 
is at the velocity of a secondary feature in the 6.7-GHz spec- 
trum and is marginally stronger at 12.2-GHz (162 Jy) than 
at 6.7-GHz (145 Jy). Near-simultaneous observations carried 
out with Hobart (discussed in Section T5.4p confirm that this 
is not a consequence o f variability between the Parkes 6.7- 
and 12.2-GHz epochs. IBreen et all |2010bT ) detect a some- 
what variable water maser at this location, with a 3 Jy de- 
tection during observations conducted i n 2003, but no de- 
tectable emission above 0.2 Jy in 2004. ICaswelll (|l998l ) de- 
tected an OH maser at this location. L onger term var i ability 
at 12.2 GHz, since the observations of ICaswell et alj (|l993l ) 
has been small. 

G 336.864+0.005 and G 336.881+0.008. 12.2-GHz 
emission (0.5 Jy) was detected towards relatively strong 
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Figure 1. Spectra of the 12.2-GHz methanol mascrs detected towards 6.7-GHz MMB sources. 
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Table 2. - continued 



Methanol maser 


RA 


Dec 


Epoch 


S12.2 


Vpi2.2 


Vri2.2 


I12.2 


(l,b) 


(J2000) 


(J2000) 




(Jy) 


(km s ) 


(km s — *) 


(Jy km s _1 ) 


(degrees) 


(h m s) 


(° ' ") 












G 4.393+0.079 


17 55 25.77 


-25 07 23.6 


2008 Jun 


2.1 


1.9 


0.5,2.2 


1.6 


G 5.618-0.082 


17 58 44.78 


-24 08 40.1 


2008 Jun 


<0.75* 




-145,190 










2008 Dec 


<0.55* 




-200,140 










2010 Mar 


<0.78* 




-140,200 










Avg all 


0.4" 


-27.0 


-27.1,-26.8 


0.1 


G 5.630-0.294 


17 59 34.60 


-24 14 23.7 


2008 Jun 


0.8 


10.6 


9.6,11 


0.7 


G 6.189-0.358 


18 01 02.16 


-23 47 10.8 


2008 Jun 


5.5 


-30.6 


-34.4,-30.1 


2.4 


G 6.588-0. 192 


18 01 16.09 


-23 21 27.3 


2008 Jun 


2.9 


4.9 


4.3,5.9 


2.7 


G 6.610-0. 082 1 


18 00 54.03 


-23 17 03.1 


2008 Jun 


11 


0.8 


0.4,1.3 


4.7 


G6.795-0.257 3 


18 01 57.75 


-23 12 34.9 


2008 Jun 


18 


15.6 


14.9,27.4 


16 


G 7.166+0.131 


18 01 17.48 


-22 41 44.0 


2008 Jun 


<0.70* 




-145,195 










2008 Dec 


<0.80* 




-200,140 










2010 Mar 


<0.55* 




-140,200 










Avg all 


0.4° 


80.1 


80.0,80.3 


0.1 


G 7.632-0.109 


18 03 11.63 


-22 24 32.4 


2008 Jun 


2.7 


156.9 


149.4,158.4 


1.7 


Ci 8 31 7-0 096 


1 8 04 36 02 


-21 48 1 9 6 


9008 Tnn 

_ y^j w o j Li.ii 


1.1 


47.6 


46.7 48.5 


1.1 


G8.669-0.356 1 


18 06 18.99 


-21 37 32.2 


2008 Jun 


0.4 


39.3 


39.3,39.4 


0.1 








2008 Dec 


<1.15 




-200,140 




G8.683-0.368 1 > 2 - 4 > 8 


18 06 23.49 


-21 37 10.2 


2008 Jun 


8.1 


44.1 


40.9,45.4 


10 


G 8.832-0.028 


18 05 25.67 


-21 19 25.1 


2008 Jun 


37 


-5.2 


-5.6,4.3 


55 


G 9.215-0.202 


18 06 52.84 


-21 04 27.5 


2008 Jun 


0.6 


46.7 


41.3,46.8 


0.2 








2008 Dec 


<0.80 




-200,140 










2010 Mar 


<0.55 




-140,200 




G9.621+0.196 1 > 2 > 4 > 5 - 8 ' 9 


18 06 14.67 


-20 31 32.4 


2008 Jun 


401 


1.4 


-3,5.8 


203 


G9.619+0.193 1 


18 06 14.92 


-20 31 44.3 


2008 Jun 


0.4 


5.8 


5.7,5.9 


0.1 


G 9.986-0. 028 1 


18 07 50.12 


-20 18 56.5 


2008 Jun 


1 


47 


44.2,47.2 


0.5 



6.7-GHz source G 336.864+0.005 (59 Jy) in 2008 Decem- 
ber. Observations in 2008 June failed to detect emission (5- 
cr detection limit o f 0.75 Jy). Observations conducted by 
Breen et all dgOlObh revealed a water maser at this site and 
Caswelll (1 19981 ) detected an OH maser. 

12.2-GHz observations of G 336.881+0.008 were made 
at the half power point of the primary beam during obser- 
vations targeting G 336.864+0.005 (offset ~1 arcmin) and 
we have adjusted our detection limit accordingly. 

G 336.957-0.225. 12.2-GHz emission consists of two 
main features, the first is at the velocity of the 6.7-GHz 
maser and is also the stronger 12.2-GHz feature. The sec- 
ond has a velocity of -67.4 km s _1 and is stronger at 12.2- 
GHz (0.8 Jy) than at 6.7-GHz (0.4 Jy). These 12.2-GHz 
observations were carried out 4 months after the 6.7-GHz 
observations. 

G 337. 132-0. 068. The peak of the 12.2-GHz emission 
detected in 2008 December is 0.7 Jy at -59.7 km s~ com- 
pared with a mere 0.3 Jy at 6.7-GHz for this feature. Obser- 
vations of the two transitions were separated by 4 months. 
No 12.2-GHz emission was detected in 2008 June (5-cr de- 
tection limit of 0.7 Jy). 

G 337.202-0.094. 12.2-GHz observations were carried 
out towards this source in both 2008 June and 2010 March. 
While no emission was detectable at either epoch, weak 
emission is seen in the average of the two observations as 
shown in Fig. [T] 



G 337.632-0.079. The peak of the 12.2-GHz emission 
is at the velocity of a secondary feature in the 6.7-GHz spec- 
trum, but weak emission is also present at the velocity of the 
6.7-GHz peak. The peak 12.2-GHz flux density was 0.5 Jy in 
2008 December, 0.6 Jy in 2010 March, but no emission was 
detected in 2008 June (5-<r detection limit of 0.75 Jy). Fig- 
ure Q] shows the average spectrum which has been smoothed 
over 4 channels. 

G 337.703-0.053 and G 337.705-0.053. These 
methanol masers are separated by only 9 arcsec. Strong 
12.2-GHz methanol maser emission is detected at the 
stronger of the two 6.7-GHz maser sites, G 337.70 5-0.053, 
which is also the location of an OH maser l|Caswelll 
1 19981 ; ICaswell. Kramer fc Reynolds! l201ll ). It is difficult 
to determine if the weaker 6.7-GHz methanol maser site 
has any associated 12.2-GHz maser emission within the 
overlapping velocity range of the two sources, but, since 
there is no 12.2-GHz emission towards the strongest 
feature of G 337.703-0.053 we list it as a non-detection. 
Spectral feature s at 12.2-GHz h ave c hanged little since the 
observations of ICaswell et alj (|l993l ) conducted 20 years 
ago. 

G 338.075+0.012. No 12.2-GHz emission is associated 
with the 6.7-GHz emission peak at -44 km s _1 (14 Jy) 
but relatively strong emission is detected towards a 6.7- 
GHz secondary feature at -53.1 km s _1 (8.3 Jy). We at- 
tribute the detected 12.2-GHz emission to this site rather 
than to companion site G 338.075+0.009, offset by 9 arc- 



© 0000 RAS, MNRAS 000, 000-000 



12.2-GHz methanol maser catalogue: 330 to 10° longitude 25 



G6. 588-0. 192 



10 



1 3 

!>> 
-+J 
• i— i 

in 

G 
Q 

X 



o 10 
G7. 166 + 0.131 



20 



0.5 




80 90 
G8. 669-0. 356 



100 




G8.683-0.368 



40 



30 



G6.610 


-0.082 


' 1 ' ' ' ' I 
_ 2008 Jun 










-10 

G7.632 


10 

-0.109 


- 2008 Jun 


i I i i i i 1 _ 
, i , , , , i : 


150 

G8.832 


160 170 
-0.028 



15 
10 

5 




: 2008 Jun 


; 


- i ; 



10 20 
G8. 317-0. 096 



30 



30 40 

G8. 683-0. 368 



50 



_l 1 1 1 1 1 1 

- 2008 Jun 


1 








, , , , i - 


-10 
G9. 215-0. 202 


10 




-10 10 

G9. 621 + 0. 196 




-MJ 



40 50 
G9. 986-0. 028 



-10 



10 



1 - 2008 Jun 
0.5 - 


-0.5 h 

30 





40 



50 



Velocity w.r.t. LSR (kms ) 

Figure 1. -continuued 



sec and weaker at 6.7-GHz, since the velocities are in good 
a greement. We note th at the 12-GHz position measurement 
of lCaswell et"afl l| 19931 ). although better corresponding with 
G 338.075+0.009, is not sufficiently precise to distinguish the 
correct counterpart. 

The flux density of the 12.2-GHz emission rose by ~27 
per cent between 2 008 June and Decem ber, from a flux den- 
sity of 5.9 to 7.5 Jv. lBreen et al.l (|2010bh detect a weak water 
maser (0.5 Jy) towards this so urce (in 2003 bu t in 2004 the 
source was not detected) and Cas well] (|l998h detected an 
OH maser at this position. 

G 338.561+0.218. This source exhibits numerous spec- 
tral features at both methanol transitions. The peak of the 
12.2-GHz emission observed in 2008 December has a velocity 
of -40.2 km s _1 and flux density of 26 Jy while the 6.7-GHz 



emission at this velocity had a flux density of ~15 Jy when 
measured in 2008 Aug 23. Observations of the two transi- 
tions made on consecutive days with Hobart are discussed in 
Section [5. 41 A v ery weak (0.22 Jy) w ater maser was detected 
at this location iBreen et alj (|2010bl) . 

G 338.925+0.634 and G 338.926+0.634. This pair of 
sources are separated by less than 7 arcsec. ATCA observa- 
tions at 6.7-GHz show that most of the emission in the veloc- 
ity range -62 to -52 km s~ can be attributed to the stronger 
site (G 338.925+0.634) but that there is a contribution over 
this velocity range from the weaker site, G 338.926+0.634 
(see ICaswell et all (|201lh for a more comprehensive expla- 
nation). Given the velocity range of the reasonably strong 
(33 Jy) 12.2-GHz source detected here covers the velocity 
range -61.9 to -52.8 km s _1 , we are unable to rule out pos- 
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sible 12.2-GHz contributions from G 338.926+0.634. Due to 
this, we regard the two sources as a single site for the pur- 
p oses of the analysis p resented here, as well as that presented 
in lBreen et all (|201lh . 

G 339.476+0.185. The peak of the 12.2-GHz emission 
is associated with the weakest 6.7-GHz emission feature lo- 
cated at a velocity of -98.1 km s _1 . Observations in 2008 
December showed 12.2-GHz emission of 0.5 Jy at this veloc- 
ity, whereas 6.7-GHz observations on 2008 Aug 23 showed a 
0.3 Jy feature. Weak 12.2-GHz emission was also detected 
at the velocity of the 6.7-GHz methanol maser peak during 
the 2008 December observations. No 12.2-GHz emission was 
detected in 2010 March beyond the 5-cr detection limit of 
0.8 Jy. 

G 339. 622- 0.121. The mai n 12.2-GHz feature is weaker 
by a factor of 5 than in 1988 (|Caswell et al.lll993h . and a 
periodicit y of 202 days has been recognised in the 6.7-GHz 
emission (jGoedhart. Gavlard fc van der Waltll2004r ). 

G 342.338+0.305. In 2008 December the 12.2-GHz 
peak was 0.8 Jy and coincident in velocity with the 6.7- 
GHz emission peak of 0.9 Jy. Further observations taken in 
2010 March show a reduced flux density of ~0.5 Jy. Due 
to unusually high noise in the initial spectrum we show the 
average of the two epochs in Fig. [T] 

G 342.446-0.012. In 2008 December the 12.2-GHz at 
a velocity of -20.1 km s _1 is barely visible above the noise 
in the spectrum (3.3-er detection). Without the perfect cor- 
respondence with the velocity of the 6.7-GHz this source 
would not have been recognised. 

G 343. 354-0. 067. 12.2-GHz spectra from both 2008 
June and December are presented in Fig.[T]to show the vari- 
ability between the two epochs. Each epoch shows a single 
feature source, with distinctly different velocities although 
both corresponding to the velocity of 6.7-GHz methanol 
maser spectral features. 

G 345.010+1.792. The peak of the 12.2-GHz surpasses 
the flux density of its 6.7-GHz counterpart by about a factor 
of two. The 12.2-GHz observations were carried out in 2008 
June and the 6.7-GHz observations were conducted in 2008 
Aug. Spectra of both transitions are shown in Fig. [5] This 
unique source shows a multitude of other class II methanol 
maser transitions, yielding d etections in at almost all of 
the t ransitions observed (e.g. lEllingsen et al.l |20o3 ; IVal'ttsI 
1 19981 . and references therein). This site additionally har- 
bours strong radio contin uum and a weak, variab le water 
mase r (|Breen et alJl2010bT ) , as well as an OH maser |Caswelll 
Il998h . 

Comparison with the 1988 spectrum of ICaswell et al.l 

shows that this source has varied quite markedly, 
unlike nearby source G 345.012+1.797 which has remained 
more stable. 

G 347.863+0.019. 6.7-GHz observations in 2008 Aug 
revealed emission between -37.6 and -28.1 km s" 1 , peaking 
at 6.4 Jy at a velocity of -34.7 km s _1 . 12.2-GHz obser- 
vations during 2008 June (2 months prior to the 6.7-GHz 



observations) showed similar but weaker emission associ- 
ated with the strong 6.7-GHz features, as well as an ad- 
ditional feature at -23.7 km s _1 (0.7 Jy), outside the ve- 
locity range of the 6.7-GHz emission. The nearby source 
G 347.813+0.018 has 6.7-GHz emission over a velocity range 
covering this additional feature, but no feature at this veloc- 
ity. Furthermore, no 12.2-GHz emission was detected toward 
G 347.813+0.018. G 347.863+0.019 is therefore another can- 
didate that needs further observations to see if the 12.2-GHz 
emission truly dominates at the -23.7km s _1 feature. 

G 348.195+0.768. Weak 12.2-GHz emission was de- 
tected towards this 6.7-GHz source during both epochs at 
the velocity of the 6.7-GHz peak emission. Given the limited 
signal-to-noise, Fig. [1] shows the average spectrum. 

G 348.550-0.979 and G 348.550-0.979n. These 6.7- 
GHz methanol masers are separated by only 2 arcsec and 
have some overlap in velocity range. There is 12.2-GHz emis- 
sion associated with both sources which is easily separated 
since features are confined to the velocity ranges which are 
unique to each source. Both 12.2-GHz sources appear to 
have halved in flux density since their observation in 1988 
l|Caswell et alJll993t ). 

G 349.799+0. 108. A comparison between the 6.7- and 
12.2-GHz emission is shown in Fig. [5] and reveals strong 
emission at both transitions. The feature between -20 and 
-21.5 km s _1 is twice as strong at 12.2-GHz as it is at the 
usually stronger 6.7-GHz transition (19 Jy compared with 
10 Jy). 

G 350.105+0.083. The prominent 12.2 -GHz absorp- 
tion t owards this source, first recognised by I Caswell et al.l 
(1995), is easily identifiable in the current spectrum. The 
strongest emission feature at -74.1 km s -1 has decreased in 
flux density b y abou t a factor of 4 since the observations of 
I Caswell et all (|l995h made in 1992. 

G 351.417+0.645, G 351.417+0.646 and 

G351.445+0.660. G 351.417+0.645 and G 351.417+0.646 
are 6.7-GHz sources separated by ~2 arcsec. Because they 
are so close, strong and have overlapping velocity ranges, 
they are very difficult to separate using single dish data. 
Due to this, Table [T] presents 6.7-GHz velocity ranges as 
published in Caswell (2009) from ATCA observations. 
There is undoubtedly 12.2-GHz emission associated with 
both of these 6.7-GHz sour ces given the veloci ty of the 
detected spectral features. iNorris et al l l| 19931 ) present 
VLBI maps of the methanol masers associated with this 
region and show that the two sources are quite heavily 
blended together. 

Located near G 351.417+0.645 and G 351.417+0.646 
lies a very strong water maser (1400 Jy ) as well as an OH 
maser (|Breen et al.ll2010bl ; ICaswelll [19981 and the Hn region 
NGC6224F. 

G 351.445+0.660 is also confused by G 351.417+0.645 
and G 351.417+0.646 at 6.7-GHz so the velocity range 
from Caswell (2009) is also used here. At 12.2-GHz this 
source is much less confused and can be clearly separated 
from the emission associated with G 351.417+0.645 and 
G 351.417+0.646. 
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G 351.611+0.172. Observations conducted in 2010 
March detected a 2 Jy 12.2-GHz source. It is possible that 
there is some contribution to the feature between -35 and 
-37 km s _1 from nearby source G 351.688+0.171, but since 
there are no concurrent observations of the two sources it is 
difficult to confirm. 

G 353.410-0.360. No usable data were obtained to- 
wards this source during 2008 December with Parkes. In- 
stead, Fig. [T] shows a new spectrum taken with the Hobart 
radio telescope. The detected emission has c hanged greatly 
since obser vations made in 1988 and 1992 (Cas well et al.l 
Il993l , ll995t ). The current peak emission at -20.5 km s 1 has 
tripled in strength from the previous observations, and the 
previous peak at -22.3 km s _1 is now approximately one- 
third of its former flux density. 

G 354. 615+0. 412. This 12.2-GHz source exhibits three 
spectral features, t wo of which have rem ained stable since 
their observation bv lCaswell et al. (1993) in 1988. The third 
feature, at -23 km s , exhibi ted quite signif i cant v ariability 
during observations made bv lCaswell etafl (Il993l ), increas- 
ing in flux density from 10 to 20 Jy in just 5 weeks. We 
observed this variable feature with a flux density of 3 Jy 
during our observations in 2008 December. 

G 355.343+0.148. A 0.3 Jy 12.2-GHz methanol maser 
was identified in the average spectrum of the observations 
made in 2008 December and 2010 March. In order to increase 
the signal-to-noise in the spectrum presented in Fig. [T] the 
average spectrum was further averaged with that of nearby 
source G 355.344+0.147. 

G 357. 965-0. 164 and G 357.967-0.163. 12.2-GHz 
emission is detected at the velocity of the peak 6.7-GHz 
feature towards G 357.967-0.163 in both 2008 June and 
December. Observations of nearby source G 357.965-0.164 
in 2008 June revealed no 12.2-GHz emission. In 2008 
December observations were conducted only towards 
G 357.967-0.163, and show a marginal peak at -8.8 km s 
which is outside the velocity range of the 6.7-GHz emission 
towards this source, but close to the peak velocity of the 
6.7-GHz emission associated with G 357.965-0.164. Further 
observations of G 357.965-0.164 are needed to determine if 
there is weak, variable 12.2-GHz emission associated with 
this 6.7-GHz methanol maser. 

Both G 357.965- 0.164 and G 357.96 7-0.163 have asso- 
ciated water masers l|Breen et al.ll2010bh . the first of which 
showed extreme variation over a ~10 month period reducing 
in flux density from 53 to 0.9 Jy. G 357.967-0.163 shows a 
total velocity range of 181 km s~ x over the two epochs and 
moderate level s of variability, has an OH maser counterpart 
i|Caswelli ri998) and is associated with a weak 22-GHz con- 
tinuum source (jVoronkov et al.ll201ll ). The morphology of 
associated mid-infrared emission, as well as the location of 
a nearby class I methano l mase r at 23.4-GHz is discussed in 
detail in I Voronkov et al l (|201lh . 

G 358.371-0.468. 12.2-GHz observations in 2008 June 
were carried out towards a position offset from the accu- 
rate 6.7-GHz position by more than 1.2 arcmin, partially 
accounting for the change in flux density between epochs 



from 1.9 Jy in June to 8.1 Jy in December where obser- 
vations were targeted towards the accurate position. Also 
coincident with thi s methanol maser site is a water maser 
l|Breen et al.ll2010bh . 

G 358.809-0.085. Very weak 12.2-GHz emission was 
detected in both 2008 June and December. While the emis- 
sion was only detected at 0.3 Jy during both epochs, its 
velocity matches that of the 6.7-GHz emission peak. High 
noise in the 2008 December spectrum makes the average of 
the two epochs no better than the more sensitive observa- 
tions conducted in 2008 June. 

A very similar situation is observed for G 359.436-0.104. 
Weak emission of 0.5 Jy was detected in 2008 December ,but 
not 2008 June, towards a weak secondary feature present in 
the 6.7-GHz spectrum. 

G 359. 615-0. 243 Observed in both 1988 and 1992 

l|Caswell et al.lll993l . ["l995l ). this 12.2-GHz sources appears 
to have been steadily decreasing in flux density over the 
past 20 years. The measurement made in 2008 Dec, shows 
emission approximately on e-third of the s trengt h reported 
by the 1988 observations of ICaswell et all i|l993h . 

G 0.546-0.852. The 12.2-GHz spectral feature de- 
tected at 14 km s _1 has ste adily decreased in flu x density 
since its observation in 1988 ICaswell et all j|l993h (when it 
was the peak emiss ion at 8 Jy), to observations in 1992 
j|Caswell et al.ll 19951 ) and our current observations where we 
observed a 0.4 Jy feature at this velocity. The current peak 
emission near 18 km s -1 is a lmost identical to that observed 
in 1992 i|Caswell et al.lll995l ). 

G 0.651-0.049, G 0.666-0.029 and G 0.667-0.034. 
These three 6.7-GHz methanol masers are clustered near 
Sgr B2, which in total contains 10 6.7-GHz methanol 
masers within a 3 arcmin region. T he 6.7-GHz ta r gets i n 
the Sgr B2 region were presented in ICaswell et al.l l|2010l ). 
however, positions and velo city ranges were taken from 
IHoughton fc Whiteoakl (|l995l ) who conducted high sensitiv- 
ity ATCA observations towards this region. We conducted 
12.2-GHz observations towards all 10 6.7-GHz masers in this 
region, and detect emission towards three sources: G 0.651- 
0.049, G 0.666-0.029 and G 0.667-0.034. 

G 0.651-0.049 is the strongest 12.2-GHz methanol 
maser detected in this region at 2 .1 Jy with a peak veloc- 
ity of 48.1 km s" 1 . ICaswell et ail (Il993l ) and ICaswell et all 
(1995) similarly detected a single peak of maser emission 
centred near G 0.650-0.048 (J2000 position 17 47 20.8, -28 
24 22 with uncertainty less than 10 arcsec), with velocity of 
48.0 km s" 1 and peak i ntens ity of 7.2 Jy. Measurements of 
IHoughton fc Whiteoakl (|l995l ) show a strong 6.7-GHz maser 
at G 0.651-0.049 (17 47 21.12, -28 24 18.2) and velocity 
48.0 km s , seen with peak inten sity of 22 Jy in the MMB 
observations (|Caswell et al.ll2010l ). Within its position un- 
certainty, the 12.2-GHz maser thus coincides with the more 
precisely measured 6.7-GHz maser. 

Two weak (0.5 and 0.6 Jy), new 12.2-GHz methanol 
masers were detected towards G 0.666-0.029 and G 0.667- 
0.034. The 12.2-GHz emission associated with G 0.666-0.029 
falls at the velocity of a secondary 6.7-GHz methanol maser 
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feature. Whiteoak et al. (1988) map a strong 12.2-GHz ab- 
sorption feature which is clearly seen on our spectrum of 
G 0.666-0.029. 

12.2-GHz emission detected towards G 0.667-0.034 falls 
at the veloc ity of the peak 6.7-GHz methan ol maser emission 
reported bv lHoughton fc Whiteoak! (119951 ). The flux density 
of the 6.7- and 12.2-GHz maser emis sion towards this source 
have comparable flux densities; iHoughton fc Whiteoak! 
(1995) report a 6.7-GHz flux density of 0.4 Jy while we 
detect 12.2-GHz maser emission with a peak flux den- 
sity of 0.6 Jy. Fro m inspection of the MMB spectrum 
j|Caswell et alJl201Ch it appears that the 6.7-GHz emission 
has increased to more than 1 Jy since the observations of 
IHoughton fc Whiteoak! (|l995l ). 

G 0.836+0.184. 12.2-GHz observations carried out in 
2008 December show alignment of weak (0.6 Jy), narrow 
emission with the 3.5 km s" 1 6.7-GHz peak, but also align- 
ment of secondary feature at -2.2 km s _1 with 6.7-GHz 
emission. The correspondence in velocity lends support that 
this source is a genuine detection which is needed since the 
signal-to-noise in the spectrum is low. No 12.2-GHz emission 
was detected in 2008 June. 

G 1.147-0.124- Possible 12.2-GHz emission was identi- 
fied in 2008 December at -19.4 km s _1 due to its correspon- 
dence with a secondary feature in the 6.7-GHz spectrum. 
At 0.5 Jy this feature is only a 3-cr detection and the pres- 
ence of spurious features of similar flux densities within the 
spectrum make the possible emission questionable. Further 
observations are required to determine whether this emission 
is genuine and due to this we do not list it as a detection 
but we include the spectrum in Fig. Q] . 

G 3.502-0.200. A weak 12.2-GHz source consisting of 
two features was detected in 2008 December with a peak 
flux density of 0.4 Jy. Observations in both 2008 June and 
2010 March showed no discernible emission. 

G 8.683-0.368 and G 8.669-0.356. The separation of 
these companions is 66 arcsec, and for our 12.2-GHz obser- 
vations, each lies at about the half-power point of the other. 
All prominent 12.2-GHz features arise from G 8.683-0.368, as 
suggested by our al igned spectra at the two positions, and 
confirmed from the ICaswell et al.l (1 19931 ) observations; the 
spectrum has remained similar for more than 20 years, and 
closely matches that of 6.7-GHz at this position. However, 
a weak feature of 0.4 Jy was observed in 2008 June towards 
G 8.669-0.356 at 39.9 km s"\ the velocity of the 10 Jy peak 
of this 6.7-GHz maser. Further observations completed in 
2008 December were of uncharacteristically poor sensitivity, 
with a 5-cr detection limit of 1.15 Jy, and it is therefore not 
surprising that no emission was detected at this epoch. Also 
located at G 8.669-0.356 are a water maser, 22 G Hz radio 
contin uum (|Breen et al.ll2010bl ) and an OH maser [Caswell! 
|l99St ). 

G 9.621+0.196 and G 9.619+0.193. For G 9.621+0.196 
the coincidence of the main 12.2-GHz feature with its 6.7- 
GHz counterpart has been confirmed not only by Caswell et 
al. (1993), but also by Sanna et al. (2009). The weaker 12.2- 
GHz emission from 9.619+0.193 has not previously been re- 



ported but its velocity supports our conclusion that it arises 
here rather than at the companion position offset by 12 arc- 
sec. 



5 DISCUSSION 

This catalogue of 12.2-GHz methanol masers represents the 
largest sensitive search of a complete sample of 6.7-GHz 
methanol masers achieved to date. The longitude range in- 
cluded in this portion of the catalogue is only a subset of 
the survey range, which, when complete, will cover the full 
range of the MMB survey. 

Our current study uses 6.7-GHz maser targets which 
have subarcsec position uncertainties. Very few 12.2-GHz 
masers have been positioned to similar accuracy, but where 
these accuracies have been achie ved the spatial corre- 
spondence has been co nfirmed (e.g. iMoscadelli et al1l2002l ; 
iGoedhart et~alll2005al ). In addition, a substantial number 
of 12.2-GHz sources, more than 50, wer e positioned with 
10 arcsec a ccuracy (|Caswell et al.lll993l ) in 1988, prior to 
the detection of 6.7-GHz masers. Subsequent comparisons 
show excellent coincidence with presumed 6.7-GHz counter- 
parts, usually well within the expected 10 arcsec uncertain- 
ties. Thus, despite the limited number of coincidences con- 
firmed to high precision, these facts strongly suggest that 
most 12.2-GHz detections found in our targeted search do 
indeed coincide precisely with the 6.7-GHz targets, although 
additional observations to test this have not yet been made. 

Global properties of the 12.2-GHz methanol masers de- 
tected towards the full sample of MMB sources south of 
declination - 20° ( 580 sources) have already been given in 
iBreen et alj l|201ll ). This analysis confirmed that the 12.2- 
GHz methanol masers are principally detected towards the 
stronger 6.7-GHz methanol masers, and in 80 per cent of 
cases show their peak emission at the same velocity. Us- 
ing the complete samples of 6.7- and 12.2-GHz methanol 
masers, IBreen et al.l (|201lT ) found that the detection rate of 
12.2-GHz methanol masers is lower, at 43 per cent, than 
found in previous searches of comparable sensitivity. The 
authors concluded that the difference in detection rate is 
a consequence of the biases that were present in previous 
searches (which typically targeted slightly more evolved star 
forma tion regions). From this previous work, IBreen et al.l 
(|2011f ) found that the data support an evolutionary scenario 
whereby the 12.2-GHz methanol masers are present during 
the latter half of the 6.7-GHz methanol maser lifetime. Fur- 
thermore, the data show evidence that these methanol maser 
transitions increase in both flux density and velocity range 
as the sources evolve. 

Here, we do n ot attempt to reproduce those results of 
IBreen et al.l (|201ll ) on the subset of data we present. Instead, 
the discussion that follows focuses on specific data, unusual 
sources and the completeness of our search. 



5.1 Basic statistics 

The 184 12.2-GHz methanol masers detected in the lon- 
gitude range 330° to 10° exhibit velocity ranges between 
0.1 km s~ and 20 km s _1 and flux densities from 0.3 Jy to 
976 Jy. The strongest newly discovered source is 64 Jy. 
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In the Galactic longitude range 330° to 10° we find 12.2- 
GHz methanol maser emission towards 46 per cent of the 400 
6.7-GHz methanol masers searched. In comparison, the de- 
tection rate towards the full 580 6.7-GHz met hanol masers 
south of declination -20° was 43 per cent (|Breen et al.l 
l201ll ). The slightly higher detection rate in the portion of 
the Galactic plane presented in this catalogue is not unex- 
pected since it encompasse s the 3 35° to 340° longitude re- 
gion, noted bv lBreen et al.l |201ll ) as having a significantly 
higher 12.2-GHz detection rate than other portions of the 
Galactic plane. 

Fig. [2] shows the distribution of 6.7-GHz methanol 
masers in this portion of the Galactic plane, as well as the 
distribution of line-of-sight velocities versus Galactic longi- 
tude. In this figure, the 6.7-GHz sources with associated 
12.2-GHz methanol masers have been distinguished from 
those without by the use of different symbols. The distri- 
bution of the 6.7-GHz methanol masers with and without 
12.2-GHz counterparts appears to be approximately ran- 
dom, with the exception of the notable dominance of 12.2- 
GHz sour ces in the 330° to 340° longitude region (as de- 
scribed in iBreen et all l|201lf) l. 

5.2 Survey completeness 

The completeness of our search can be meaningfully 
tested since we know the peak velocity of the 6.7-GHz 
methanol maser emission, and that 80 per cent of 12.2-GHz 
methanol masers share their peak velocity with thei r 6.7- 
GHz methanol maser counterpart (|Breen et al. 2011). Us- 
ing the method known as 'stacking' we have averaged all 
of our 12.2-GHz non-detections (from the 2008 June and 
December epochs) after first aligning them at their 6.7-GHz 
methanol maser peak velocity. Any non-detections that were 
contaminated by absorption or emission from neighbouring 
sources were excluded from this analysis. A total of 277 12.2- 
GHz spectra were 'stacked' (for some sources spectra from 
both epochs have been included) and resulted in an aver- 
aged spectrum with an rms noise of 9 mjy, measured over a 
100 km s _1 velocity range centred on the velocity of the 6.7- 
GHz methanol maser peak emission. The resultant 'stacked' 
spectrum presented in Fig. shows no emission beyond the 
4-cr level. 

Since 12.2-GHz methanol masers are chiefly detected 
towards stronger 6.7-GHz sources, we have conducted fur- 
ther, luminosity-based tests of the completeness. For this 
test, only the 12.2-GHz non-detection spectra observed to- 
wards 6.7-GHz methanol masers with luminosities greater 
than the average luminosity (71 sources) were 'stacked'. All 
luminosities were calculated usi ng the near distan ce deter- 
mined using the prescription of iReid et al.l |2009l ). The re- 
sultant 'stacked' spectrum had an rms of 0.015 Jy, and no 
emission above 0.04 Jy. 

We conclude that the 12.2-GHz non-detections, on av- 
erage, have no emission above a flux density of 0.09 Jy (10 
times the rms of the stacked spectrum presented in Fig. [3]) 
at the velocity of the 6.7-GHz methanol maser peak. There- 
fore, we are confident that there are few 12.2-GHz methanol 
masers just below our detection limit, and consequently sen- 
sitivity biases do not have a large influence o n the results 
presen ted here, or on the conclusions drawn in IBreen et al.l 
|201ll ). 
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Figure 2. Distribution of the methanol masers in the Galactic 
longitude range 330° (through 360°) to 10° (top) and distribution 
of the peak 6.7-GHz methanol maser velocity versus Galactic lon- 
gitude (bottom). Dots mark the locations of 6.7-GHz methanol 
masers with 12.2-GHz counterparts, while open circles show those 
6.7-GHz sources devoid of 12.2-GHz emission. 

5.3 Luminosity relationship of individual features 

In lBreen et~ai] (|201lh we presented a preliminary analysis of 
luminosity ratio of individual maser features as a function 
of 6.7-GHz methanol maser luminosity. In that analysis the 
near kinematic distances were assumed for the five sources 
presented, since the distance ambiguities were unable to be 
resolved. Here we repeat the analysis, using kinematic dis- 
tances that have been resolved usi ng Hi self absorption data 
l|Green fc McClure-Griffithsll201lD . 

IBreen et al.l (|2010al ) recognised a relationship between 
the ratio of 6.7:12.2-GHz peak flux densities with the lumi- 
nosities of the respective data. They found that the ratio of 
6.7: 12.2-GHz peak flux density apparently increased with in- 
creasing 6.7-GHz methanol maser luminosity; implying that 
as the sources evolved the 6.7-GHz peak flux density in- 
creased more rapidly t hen t he associated 12.2-GHz maser 
emission. IBreen et alj (|201ll ) confirmed this trend with a 
more thorough analysis of a larger number of sources. Anal- 
ysis of the 6.7: 12.2-GHz peak flux density ratio as a func- 
tion of 6.7-GHz methanol maser luminosity of the multiple 
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Figure 3. 'Stacked' spectrum of all 12.2-GHz non-detections 
aligned at the velocity of the associated 6.7-GHz methanol maser 
peak. The rms of the spectrum is 0.009 Jy. 

individual features (present in both the 6.7- and 12.2-GHz 
spectra) of a group of sources has the potential to lend fur- 
ther insights into this phenomenon as the evolutionary stage 
of the exciting star will be common to individual maser fea- 
tures. 

We have selected 20 methanol masers from our sample 
which show four or more spectral features at both 6.7- and 
12.2-GHz, and als o have had their kinematic dista nce am- 
biguities resolved l|Green fc McClure-GriffithjlioTlh . Lumi- 
nosities of individual features have been calculated by mul- 
tiplying their respective peak flux density by the square of 
the distance (giving units of Jy kpc 2 ). Fig. 2] displays the 
ratio of 6.7: 12.2-GHz luminosity of individual features as 
a function of the 6.7-GHz luminosity. In the top portion 
of the figure, the features detected at both maser frequen- 
cies are represented by dots, and triangles show lower limits 
on the ratios of 6.7-GHz features with no detectable 12.2- 
GHz counterpart. Individual sources are colour-coded which 
shows, firstly, that all points associated with a single source 
are generally clustered together, and secondly, that the lower 
limits on ratios of features with no detected 12.2-GHz emis- 
sion lie on the outskirts of the clustered dots associated with 
each individual source. 

The bottom half of Fig.[4]shows an ellipse for each of the 
20 methanol maser sources presented in the top figure, rep- 
resenting the parameter space covered by all of the features 
associated with a single source. For each source we show the 
80 per cent confidence ellipse and these were chosen as they 
do a good job of estimating the parameter space covered by 
all the features of each single source, even though a normally 
distributed data set is assumed. The 80 per cent confidence 
ellipse actually represents the region where we can be 80 
per cent confident that the true centre of the data associ- 
ated with each source lies, and is achieved by superimposing 
normal probability contours over the data associated with 
each source. Only 10 of the 131 data points associated with 
the 20 sources lie beyond the boundary of their associated 
ellipse, and in every case these data points fall only just be- 
yond the boundary of the fitted ellipse. For comparison, we 



have also drawn the 90 per cent confidence ellipse associ- 
ated with all of the data points associated with all of the 20 
sources (which similarly encompasses all but 14 of the 131 
data points). It is evident on comparison of the individual 
source ellipses with the entire dataset ellipse that the scatter 
is much less in individual sources than the whole dataset; in 
fact, the median area covered by the individual sources as a 
percentage of the total population ellipse is ~20 per cent. 

T he data presented in Fig. U is consistent with the find- 
ings of iBreen et al.l (|201ll ). and supports the idea that the 
luminosities of the sources are changing as a function of 
evolution. This is evident from the fact that the scatter in 
the values of individual sources is much less than is present 
in the full dataset comprising the 20 sources. The top part 
of the figure additionally shows that the non-detections of 
some features at 12.2-GHz are not primarily due to sensitiv- 
ity limitations, since the ratio lower limits are located away 
from the detected features which are clustered together. 

5.4 6.7-GHz sources with stronger 12.2-GHz 
features 

From previous observations and from maser pumping mod- 
els, 12.2-GHz methanol masers are expected to be weaker 
than their 6.7-GHz counterparts. We find, of the 400 ob- 
served 6.7-GHz methanol maser sources, 11 exhibit stronger 
emission at 12.2-GHz than at 6.7-GHz, in at least one spec- 
tral feature and these are shown in Fig. [S] (i.e. 3 per cent 
of sources). Only one source, G 345.010+1.792, has a higher 
peak flux density at 12.2-GHz. The analysis of the individ- 
ual features of the 20 sources studied in Section 15.31 shows 
that 1.6 per cent of their individual features show larger flux 
densities at 12.2-GHz than at 6.7-GHz. In some cases, the 
apparently stronger 12.2-GHz may be a result of variabil- 
ity between the observations epochs, which were commonly 
separated by at least 3-4 months. 

In an attempt to investigate the relative age of these 
unusual sources, we have considered both the 6.7-GHz lumi- 
nosities (which are thought to increase w ith evolution (e.g. 
IBreen et al.ll2010al . [20Tll ; IWu et aUl201Ch ), and associations 
with other tracers. We find that the average luminosity of 
these 6.7-GHz methanol masers is comparable to the av- 
erage luminosity of the full sample of 6.7-GHz methanol 
masers with associated 12.2-GHz sources. Comparison be- 
tween t hese sources and the lo cations of extend ed green 
objec ts (|Cyganowski et al]|200St ) and OH masers |Caswelll 
Il99ct ) also provides no clear insights, since some are asso- 
ciated with neither tracer, some with both and others with 
either an extended green object or an OH maser. Therefore 
we find no evidence that these sources are associated with a 
particular evolutionary stage in the methanol maser lifetime. 

In order to determine if it is variability that is responsi- 
ble for the apparently stronger 12.2-GHz maser emission, we 
conducted near simultaneous observations (at both frequen- 
cies) of three sources, using the Hobart 26-m radio telescope. 
These three sources (G 331.278-0.188, G 335.789+0.174 and 
G 338.561+0.218) were selected from the list of 11 sources 
which showed stronger emission in at least one spectral fea- 
ture at 12.2-GHz, primarily on the basis of their large flux 
densities. Observations were completed during 2010 October 
20 and 22 at 12.2- and 6.7-GHz respectively. Remarkably, all 
three sources show very similar spectrain these observations 
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Figure 4. Log of the 6.7:12.2-GHz individual feature ratio versus the log 6.7-GHz peak luminosity for every spectral feature associated 
with 20 methanol masers. Top: Dots represent 6.7 GHz features with a 12.2 GHz counterpart, while triangles show features with no 
detectable 12.2 GHz counterpart, thus showing the lower limit of the 6.7:12.2 GHz feature ratio. Colours distinguish between individual 
maser sites which are listed in the lower panel. Bottom: 80 per cent confidence ellipses for features detected at both methanol maser 
frequencies where large dots show the central point of each ellipse. Colour scheme as for the top figure. The dashed black ellipse shows 
the 90 per cent confidence ellipse of all spectral features detected at both frequencies associated with the 20 sources. 
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Figure 5. Comparison between the 12.2-GHz emission (black) and 6.7-GHz emission (grey) for sources showing stronger emission at 
12.2-GHz for at least one spectral feature. 
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as those presented in Fig. [5] It is therefore unlikely that vari- 
ability is a viable explanation for a large fraction of the 11 
12.2-GHz methanol masers that show stronger emission in 
this transition than at 6.7-GHz. 

Given that there are no systematic differences in the 
properties associated with these sources, it appears that 
the most likely explanation is that it is not remarkable to 
have ~3 per cent of sources showing stronger emission at 
12.2-GHz than at 6.7-GHz in a single feature. In fact, a 
similar number of 6.7-GHz methanol masers with high lu- 
minosities show either no 12.2-GHz emission, or extremely 
weak 12.2-GHz emission relative to their emission at 6.7- 
GHz. Furthermore, since the integrated flux density of these 
12.2-GHz masers is never larger than that of the 6.7-GHz 
methanol maser, perhaps the most plausible explanation lies 
in the stochasticity of the maser process; it is quite con- 
ceivable that these 12.2-GHz features are just experiencing 
more favourable path lengths than their 6.7-GHz counter- 
parts. We can further investigate the relationship between 
the relative intensities of the 6.7- and 12.2-GHz maser emis- 
sion through the results shown in Figure 2] This shows that 
it is not uncommon for the intensity ratio between 6.7- and 
12.2-GHz methanol masers at the same velocity to vary by 
more than an order of magnitude within an individual maser 
region. This shows that although the two transitions are 
usually observed to be co-spatial on milliarcsecond scales 
l|Moscadelli et alj|2002h the variatio ns in the physi cal condi- 
tions on scales of 10 cm (6000 au) (|Caswelllll997T ) are suffi- 
cient to cause significant differences in the relative strength 
of the 6.7- and 12.2-GHz maser emission. This suggests that 
the stochastic nature of the masing process causes funda- 
mental limits in the ability of multi-transition modelling of 
masers to measure the physical conditions at ver y high angu- 
lar res oluti ons, such as has be en attempted by Cragg et al.l 
l|200lf ) and lSutton et all |200ll 'l. The effect of stochastic pro- 
cesses (both variations in the physical conditions along the 
path and the turbulence of the velocity field) on the observed 
intensity ratios involving the rarer methanol transitions are 
likely to be even greater, as the degree of saturation is likely 
to be less than it is for the 6.7 and 12.2 GHz transitions. 
This source of uncertainty is likely to dominate compared to 
considerations such as variability due to non-simultaneous 
observations of the different transitions. 



6 SUMMARY 

We present 184 12.2-GHz methanol masers detected towards 
the complete sample of 6.7-GHz methanol masers detected 
in the MMB survey in the longitude range 330° (through 
360°) to 10°. This catalogue represents the largest, most 
sensitive, systematic search for 12.2-GHz methanol masers 
targeted towards a complete sample of 6.7-GHz methanol 
masers. Over this longitude range we find a detection rate of 
46 percent and have discovered 117 new 12.2-GHz methanol 
maser sources. We have tested the completeness of our 12.2- 
GHz search and conclude that, on average, 12.2-GHz non- 
detections have no emission above a flux density of 0.09 Jy. 

Individual interesting sources are highlighted and dis- 
cussed, especially those which unexpectedly have stronger 
emission at 12.2-GHz than at 6.7-GHz. We suggest that the 
relatively small number of sources that show stronger emis- 



sion at 12.2-GHz is consistent with expectations due to the 
stochasticity of the maser process, and find no evidence that 
these sources share a common evolutionary stage. 

An investigation of the individual spectral features of 
20 sources exhibiting both 6.7- and 12.2-GHz emission has 
revealed trends that are consistent with their luminosities 
as well as their flux density ratios being governed by the 
evolutionary stage of each source. This result is in agreement 
with previous studies. 

Electronic versions of all of the 6.7-GHz MMB 
detections are available at www.astromasers.org or 
www.manchester.ac.uk/jodrellbank/mmb and we antici- 
pate adding digital versions of the 12.2-GHz data in the 
near future, allowing for detailed comparisons between 
individual spectra. 
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